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0« S«pteKiber 1 $, 19^3, « Itefch Aia»rlcim ?j«t 

a n«w world air spaed record of 670«9Bl ?aph at rixToc, 
ellfornia. 1*^^© avora^ 'lach maift^or of this soeod 
trial wiis C*57* Tbe F--36 a i» powered by a C?ea»ral 
ITloctric--^12i«on J-35 turbo jat Gryr^imm Tiis was tlie 
four til tlsfo in twenty seven sKsnt'is that tlie world air 
speed record was broken by a t’^rbo-Jet powered air- 
craft. On Oecttaber 19<V7» aviation wacaaine pub- 
llsJ^d a re.'ort toat tbe Cell X3-1, a rc^ket powered 
aircraft, had exceeded a flight siech ntjo^er of 1.0 at 
altxt'*rle« ^eamdille, otlier exporlssental aircraft sucbi 
a« t.ie D<>i5ias r-5b'3-n, the Hell rff-2, the Iknt^l&u 
•Bd tlie hortiirop XS-!|. are beiii?^ developed for 
lnveeti^atin« transonic flio^t. 

On t>ie basis of this Infoiviiatioa it is obvious 
that i*a*»id stridea are belnf esde in the field oT 
avlatlort, ^a flight speods cp»*ro^>ch and pr.ss te.a speed 
of new probieiac r^rlse whicli irifltieixc© the deslyn 

of olrcs»aft aircraft ejv,ina»c* *'or<aeoat aansnf* tt>s*o 
nrobli*s is the phencr«esion that sir at ti»eo fllriit 
•eah is coBiproasible, end behaves in a 

difrei'snt wa*4ne2' tuen it does at reletivwly 1 : 3 m speed* « 
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Th» question clso &rlseo as to vMch typo cf pro- 
pulsion syflts® is best fitted for use at soeeda near 
the speed of sound, '^^bo co«ionly reco'^nised types of 
{iropulaifn systes&e for airborne vehicle© ei*© the reci- 
Tsrocstin*: en^tine driven propellov^ the turbine driven 
propeller, t^irbo-^et, the rsaa-jot, and Um rocket. 
Only the last aentioned is Independent of sir supply 
for tlie goners ti on of power. 

At high speeds propeller efficiency declines 
1 ‘Spidly so tli© use of a propeller driven aircraft near 
the speed of sound is not prec ticsl. This is further 
indiceted by the present speed advantage of jet powered 
aircraft over propeller driven aircraft. T!io rocket, 
since it is independent of air supply, apt© ars to have 
a biff edvante*;*©, but it is ao inofflclent at low super- 
sonic wach maubers tiiat its fuel dcwands severely 
restrict the flight duration. Its use la present 
exper iaiental type eii'craft la besed upon a desire to 
recch sup«&r*3onic speeds, if only for & short cburatlon, 
to obtain data to prove and develop aerodynasidc desif^is 
for supersonic flirlit. It slujuld bo csoted Umt auxi- 
liary mans are used to bring these aircraft up to hirh 
speed before the rocket power is utilised, The XS-1 
is air launched frees arivother aircraft, and the '-55*3-11 
has a turbo-jet e^itjlne for sxjbsonic flli^t. 

The rasi-jet engine has a restricted use to 
design limitations. It is efficient for only one 



t 




3 



joftcli mrsber, ctuAnot <Sov«lop «ufficl«nt th:.''uot to 
reach this deoljpi point ux^ldad* *'iar»ti«moro^ at 

^oscM nucibers below 1,5 tha iwrbo-jet is theo- 
retically 'ore afficiont. 

After com icier ing the Drinclpud diaatlvsata"* » of 
the other t/p®» of propulsion 3yst€r*s, Uua suitability 
of tile turbo-jat for transonic operetian will be con- 
sidered, Fig. 1, which was obtained frore Amt* 1, shows 
the variation of thruat with velocity at veji*lous 

values of rsm recovory ration;, Rwr> recover j ratio Is 
a seesure of diffuser efficiency, 'ind 1» defli>ed thus? 

Him recovery ratio s S— 

?o - Po 

As cart bo seen^ tJ trust does vary iritli f Xlr^^ht velocity, 
particularly »Ith low values of rsm recovery ratio. 
Thrust is even uore sensitive to engine i*pia. The tutrbo- 
jet*8 moving parts consist cf • directly coizplcd ttar- 
bine and corr^ressor, The characteristics of th*«se two 
anite are «uc.i tliat t«e*k ef^'iciency oectu*s st « pertl- 
culsr design engine speed, varietlons fro»" this desii:pi 
point result In x'sduced eoiclne r*ei^ornjsnce, 1 

reveals that the tfirust decrocses with fli^^ht velocity 
demn to 8 •inissi-'-i, and toon increases with furt^ior s^wie^ 
increase if the rww recovery I'wtl® is ouff icioati* hi^n, 
? s’iowa Ua» variation of fii»eclfie fuwl con- 
s-Esiption wlUi fll'ht velocity with vurlo-aa ra»i recovwrj 
ratios, T*^s©ae curves sre also a etwwxre of the 
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of a turbo- jat unit. Tfmy «how that for 
hlcl-i rwj i'«covory ratios, tm apociflc fu«l oonau-T.tlon 
lnex»®©s«s with flight irsloclty but tersirls to level off 

after reaching so?ao ■‘^axiaataa veluo, •^rorts s study of 

% 

^i^s, 1 and 2 t!ia conclusion can be drawn tfmt the t'urbo- 
jot offers efriciont ornsratlon froe the static tlsruet 
ccfiditlon to speeds nenr speed of sound provided 
the fUf fuser raao recovery ratio Is suffinientiy 
Thea© c'-uTos would show the «mi trends if tl>»y were 
ejctrapolated Into the range of low supersonic »««ch 
niihbors. inprovejaent in perforfianco with Increesed 

rg:t recovery ratio is shown in 3 . f»or exaicple. 

It shows tnet for sin airplane flying at 6^0 wph at sea 
level m Increase in rin recovery ratio frow 0.70 to 
0*')0 will result in an l5*9 p«J* cent increase in net 
thrust and a 9*5 cent decrease In specific fuel 
oosnsurjption. Such figures indicate the Istportanco of 



hig!. diffuser efficionoy. 
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■: .T=* A 

1^* Oh<Rract^rla fcica o£ ;)lfrug.or flow* 

ttiio advanta^oa to b« jjaiDod bj officiont: 
ftir Induction into ft turbo jot ©n^iino, th« mchanica of 
tho filr induction procwas will be investigated* ^or 
purpose® of aimljala It win be aamn«e«l tliet tfm enrine 
1* fixed in space and the air 1» flowing through end 
p«r?t it wltJ'i an undisturbed fre© atreaa velocity e< 5 tial 
to the riif^ht Telocity of tbe airplane. *t'h# velocity 
of flow at the entrance to Uie diffuser will not be 
tile asEBio aa the imdisturbod free atreaa velocity except 
at one flight velocity, '^be volume or airflow tJirough 
the esigine is a function of the engine speed. 
flow velocity at the dirfuaor esitrunee depends upon 
thlo voluase flow and ontri5.nca area of the diffuces’. 
Therefor® j ao{9 procoaa will occ’tr l.w>fore Uio air 
entore the dlffuaer* At lorn speeds, Uie ©ir oxpsiide 
and accelerates Into the diffusar; at i\igh speeds, the 
air ia cosapreaaod and deoal^retes into t^ie diffuser. 

This proeeaa occttrrlivg before tue air enters the dlffu- 
aer la ese'jssed to be ieentroplc. 

Tt» following equations can bo aaod to d^ter'»lrie 
the state of t!je air at the entrance to the diffuser. 
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F® s P£ (Iscntroplcflow) 



h . a * *f ) ■Po « (*di«botio rxo») 

To coTisidor th® nature of tiia flo« within the 
diffuser, let us write the followinr: equations: 

shilor^e equation for ono diissnsioiml frictioulass 



flow: 



vciy + ^ s 0 



(e) 



Continuity equation: 



^ ^ + e . 0 



(b) 



Definition of the speed of sound: 
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^iiibstltutin5T oc. (c) in («), e<®*btnin*i «tqa. (•) «r«_ 
(b), we arrive et the followirg?, exnreosionj 

^ (1-^) * - X* <<5) 



This e'iuetiori roveels that, for »ubs.i>nic flow, vei.>city 
decraaaes with a?i tncrc«*e in er»a| tho roverae la true 
for »up»r«onic floes* 'To decelerate a supersonic flow 
ieeatroplcally to eiibsQaaio would req^ilre « conv&i^ixiQ 
chanaoli followed hj « dlverrriJifj eoction* Ti^e velocity 
at tb© throat would be soolc* 

However, the flow in a c-tessfsel is not Isontropiv, 
but it la eaeentially ed5.abatic, tjerefore tlie roault 
of an entropy increase can be detersalnod fx’o« tli© 
definition of entropy li^reaae »« ^iven in Kof. 2, p. 11. 
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q'i*ntiti*s «nd ar«i tief In©d «s# tot»l 
»cid tot&X t<r<]>€iratur'» ♦ &rfj tho values 

*!'-suld be obtsined if flo^^ were sXo^red isen*-^ 
fcro isfitliy ipitil it hsid sero v«l'>cifcj» Since accordin*^ 
to tl» &0co£id l«w of tiic 2 ’cioti;mfijnics, dS > 0 , thon 
> 5>f , or In ft nosi-isontropic "process a. doci*eft8e in 
total pressure accoa^miies «2i entropy .Increase, Tl\« 
conditions of flow at tho diffueer exit are given by 
the rollowin^ e^i^istlons, found as an implicit 

function of tlio entrance conditio^a. 



The kbovo eoiaotlons show t'n/ t diffysor losses have ti«a 
effect of increasin3 tixe sxit n’jw,ber r<»? » f^iven 

area ratio, and decj^easin^ the static jresisure r^cov»*ry, 
•*ltore Uie diffuser la bel^x^ desl,^Bed for a given exit 
ssach mssber, suitable for use in tise e^»pre»so-r, tJxe 
offect of tiio loss is to require <si«>e of a lar*^er ame 
rstio, incroaalrtj: the diffaeer leaijfeb or increasla: tJje 
rate of oress'-re x'ceov ry* 
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£• t>irrnj8/.«r 

PlX'fiis^r effieiency is ddfisfjd in -aany difr«r»nt 
wa/»* 5 <x 3© of tMas« d«fi-iitivT:a lmv& fidventa.':«« in 

dartnini^ a particular ^«p»ct oT dimi»«r perf ?i^ance , 
oth^ra way b# «ora to low velocity flows. 

In, 'Twnaral, for the deflnitiati to bw », si table it should 
fiiiTill certain rac*iir0-»enfc». F«f. 1 lists tlw foliowlrs^? 
rocjuirosants foi' a dlf fuser •fficieixcy parses,® ter j 

1. It nhould be readily astsured. 

2* ;!Gve a nssdieuj! value of unity to Irsdicato 
the boat peeslble diffuser perfomanee, 
no pressure loss* 

3. ijQssalss essentially constant for fciie subsonic 
speed rfiii^e (provided there ere no euerr’y 
losses dsje either to ahock foraation or 
separation re»siltln« frew sheaves in 
Reynold’ s tumber) . 

third r»quira*»«nt **ieGtioned above b® 

subjected to th« critleia* fehat w® ere intorosted isot 
only in a device energy conversion in subsoTilc 
flows, but also for use with eitperaonic flow*. Also, 
why is it necessary that it renela ceexsteni? ebat 
Interests ns no.-fc in evaltu ttn^ the diffxjser is #xst 
ia the r^litiv® encrjsy r<y-ainlnv Ux« flow at the exit 
conpfer*?d to the avail in if sc flow ahead of 

diffuser. Vore tkan one ef*‘ic!l»ri«y par«t-vter 
satlafy these recpiire^tenta. inco no stenderd definition 



10 

of dirruawT* 9 fCicl 9 nc^ hf.s decided upon» it 1 « b<r»t 

to b« acQujaintod th the voi'iou.t d«fi»iti:)na w!ilch «!«j 
b« oncountared* 



^PPoy3?^ rfttlo ^ This has been dlscusssd prs*. 
vlously In eonr.ootion with the IturM'-ovod pcrfoiryeiicc of 
a tuj»bojot arigUjo with offlcisnt pi'essrar© r^covory. 
This pfiiT&’ist’OX' was chosen by t lo awt,'*ors of l aa 

best frarillin.t: th© rm<r-.rlrm-\pnt» wl-ach they set fo-th 
for ft satisfactory diffuser sfiiciency paraj^tar* It 
i® doflned as follows; 



r?«Ba rocovftX’y i*atIo - 




_jgpjah/^tia.l £2222* of oxprosftlivj diffuser 

efficiency ha® more appeal to Uie themodynsaicist or 
•fcthft*-«fttlciftn* T?-iis parmster cjs;>res*e® tb« fraction 
o* the irS-uotic energy insz^’^ent i^ilch is coswsrted into 
preawttre* i^ef, 2 , p, 83, presents t>«e dav©iops»ent of 
this defiAltion In the foilowlnir ’^nner* 

^ (*) 
?i»aa the ^n&vr^j equation; 

v<r/ * « Cpdi' ■ y"d^ ^ 

eq. {«) (b), end inte tratlnii pro- 

d^ea: 



(b) 
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(c) 



id) 



^inco t’to proe«aa i« pol/tnpic, tij© jr«»- 

teraperattsr® r«l*tions:‘s.ip for a tropic prooas* I»i 




(«) 



T^i»n, 




for inctmpros»ibl« flow* 



Pp * 



Po 



pre- f»ure racovary re tip , Thi# qumtity la 
defimd In tlio follow Inf -Minner; 

TJ^ 1*% 

’^mas -Ic oiNft 4iira reco\^ary rstlo s *' o 

» K»a recovery r«tio jr (1 4-n.) 



(1 1 tv) , 1 + ^ 



At lo^ swbeoaic m ch riv«bera tola i» i;%s £$«»« 

as r«cov«ry ratio^ but ainco it I*T^ore* th© couroe- 
aiblllty factor (1 4 n.). It <Uv*'r>s rw. idly as swc»s 
n«eibcr Incioaeoe. ith very hltrh efficiency of prsw«*jr* 
roeoV'»ry it can *&xcocd on«, »nd so it is not deslrwbX# 
for aw*.*fi«riar efriclency of « ibl» flow* 
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?3tQl Vils i^ji. 3 direct 

in turbojet jK^rt'orat&ne^ oe.le>aX * tlona. It 
1» th« r«itio of tb« tot«l pr^stnr® at th© dirfvtoer out- 
l*»t to th« free a tram total nraanor®* It i« i^portJmt 
It i« a direct rmsmu^ of the entropy Incre&ee 
in the coaipression procose. It la conaldorabiy af fee ted 
by tn© eiech nxsaiber of the flow. 



rr^aauTo r^.tlo , ?nls .Tarriwoter is s^lTen In -oat 
turbojet on";:ino p©rfor»je.nce ’©iFnu&ls and i*» directly 
a”rpl legible foi^ tli® co-a»putctton of not tSu*u«t, air flow, 
and specific fuel cona'je3pi^*cn. It Ic th«» ratio of the 
total pi'csaure at t 2 i© diffuser 3 uti»t to the free airetr* 
atatic proamir®, blnce It will be elaoct elwaye «freftt«r 
t^ion one, it is not too ueoful as a <»ee«». 5 re of 
(Uffuaer efficiency* 



.>»er.<i? ratio * Tnlo efficiency pere j.«ter 1 « dof lck«*d 
08 the kinetic «ner£»y res ot*. red by the air Induction 
sy*t«e, divided by the kinetic «ner^ Aveil&bie in the 
drstrea*. It ic derived in tJje following »:«fiuer5 
fp *5 t!e* «M*rL*y ee?w»ation 
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dv! sh# prsaasizs*** t© p©r*itur© *lp 



o 

rfT3 



% 

p 8 




til© rollo^rrA*;!: «jqpr©s»lcn for tkm kiiif^tlc «n©r^ 



evailawl© In obtained. 



2 p 



i' 



p 1=1 

- T 8 t^) '' 



As tii« «3dt frow ‘Uf J»»»r ti total :r**s*\r« 



is »>2 ti-i© total t«rrp«i‘ctXvro is Tg. If thsss qanivs- 
titlee «2*e rccoovortod to f i'c#o atr*©a co.^sditions •twri# 



tbo .flri^* str«sr> 8 t*»t.ic pressurs is and tii© el 



vslocity V» is loss tbss? bocs jso of tl^ pre^sur© 

Q ^ 

los«s$ involvsd, than 






c 






P 2 



The tbovs squstio'i rcprsssi'ts t;i« kli>‘tic energy vnSch 
ws^ rec!Ov®r»>d fr<s» tbo slrstr^iw* . Lnc© th-^ process 
is AtUabefelc, equals t|, «a<5 the ener^Ty ratio equa- 
tion o^n l>o *ritteiii 
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Katio ^ This diffuacr ©f'lci-* 

oncy Is u»«d Xn 3» r^tlo of fcn« >o»*r 

transf or «d to pro' f^nrQ •ner/^* to Um -ovor »r-s>Ii»d 
for ti*fsr:af onrwi.ti'jn* 

'cmsr 8 Ht:rll»d for ferjiniTar^i^tlon s 

^^1 



u • itjtiai flow Tolocifcy, 
w - air str«&7i velocity. 
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All T3U< 



Fowcr trsinsfoxvaod 2 /As pudA *• yA% pudA 
If tcrfj airflow is axl«l o^-ly, *~nd Uio flour la on*-* 
dlUKsnalooicl, tlvcxi 



Powar ratio « ^ 



For lixc> 3 apro»Rlbio flow, m ^2^2’ pou"*r 

r 4 tio ce-n b» •rlfeteri, 

p? - ^1 _ p? - Pi 



f^owoi* ratio * ~ 



(1 - '’1 '1 - ) 



lu’^ 



LUnoo tnis dwfioIticKn of dlff «»er efriclency i» b*»sw<3, 
upon t?ii© »a a; nation of laco 'iroaalbie floa, it ,l« of 
little vsl X8 for th-^ typo* of flow milo*£ will l>© coa- 
elderod. 



Piffnaor efficiency baaod on atstlc yrosaare rlae » 



Thi« dofinition of diffuser efriclency 1» tbo ratio of 
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tlm »fc*tlc f>roa»u.r« ri«90 obt»'a#d to \hm «tsw of' t-'i® 
static pr®smiro rise obtalmc ;;lu 2 total pr»s3'iro 
losa iri tho dlffixsa;:'* 

^ P2 - Pq 

“ (;>2 - Po^ " (P* - 



d©fialtion of diffuser »fricl«nc7 1» not unli^® 
rmtk rocovoar/ ratiop whicn '•■ay wi'itton in U\& follow- 
in,c; •Aocors 



diB?i racQY^ry rrttlo « 



(p8 ■ pp) . (Pg - pg) 
p 8 - Po 



r^co-i-ary ratio trliasi written in thia wt&rm«T i« th« 



ratio of th» lasxiMjpT po««lbl© pressure rise le«» 
total pressure lose in the dirrueer to tfio poo- 

aible presei 42 ?o ri«o* rho ai^pllclty of r<w recovery 
ratio would »ak© It proferabl# tes the diffuser efficl- 
one* based on etc tic preoettro rise if the s#lectio?5 of 
a dafinltleii were a as?«tter of c^voXisa. 



Ji» i^irf-*»er I imitations » 

T'mr "aftin air iutaiso rlvict of a turbojet engisie ia 
dosl-^ed fe» a diffusar boesuse at praaeiit velo- 

cities tns velooity of iba Incemt'rijj &ix' 5W«t be redaced 
before the •Ir i» introduced Into %4ie conpi’essar. 'ise 
desired velocity of tho air at diffuser exit de'^en^a 
upon t^id co^prosffor d»»l£?a# r^eent type* of coepresaoAs 
operate with aubeonic velocities because thotr cepecity 
e?»d efflcisney ymulcl fall if «a|»^r sonic rsletivo 
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velocities er* at alned ‘nd « ock ••.vea •'avelop eltivln 
fciie co-p 2 * 0 saar» Co:nrpr®»»ofa w’nlo * t..»ice adva'^t©^® of 
t*iia ohenowanon ar« in tha pi*ocaas of deval -sa^at, b*it 
aro aot v«t In actual use, Slnc« m are concemad 
prlaarlly with pres ant d©»lcn«» since informs tio*! 
on supersonic cosnpressors i« restricted, notliinji further 
will be said about thcsi, 

ppo»t lef. if, the entrance vlocity dia^^rss^ for a 
contrifurjal conprs»3?;a7 Is as onown. 



According to *«f, 4, the •ach ntaaber cori'espoudlniR 

to w^, s*iOuld not excsed 0*75 ernroxiiaatoiy , and eb 
» O’- Id not exceed 0*65t)* If we sss^ms these 
values, and asw^na the l*:pellar tip velocity to be ootilc, 
' 2 ^ach uu»bcr corr^spondin-: to the axia.1 v^luciti is 
This R^o^s to ^•e <fc fairly vMue, and 

certainly it sJiould ba r>«uch loreei* taee tnst if s double 
fvcad inpeiler is used* ■ i lii U>s double faced r 

tne airflow «ust torn tiirou»^ 1*'0 'le'^reii to enter fciie 





c « absuluta 
velocity* 



V - velocity rels 



velocity of tbe 
l*»p«13er tip* 



tlvo to the 

i^^ollcr 

pasisa^a* 



raar side, sud the head loss x*«auitin* froti ibis reversal 
weui.*’ lut *iirh sitti e largo flow velocity* 
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.“ra“s 4, entr«nc-a vel->Glt/ dl©i;rfcij for «*.■ 

axi»i I'low i»j 



J'or 9 Ci axial flow c<^’pre«sor bJ.&tiinc? officicncy la 
a •sxljBiaa wlian (3^ is about 45 *?ubacrlpt i indi- 

cat{i« Uia velocity atie*4 of a inovlnr bled«> aubscript 
2 indicate* a velocity a Flavins tlede* fhaml*.- 

tiv© velocity, &t anj station on Ux© bled© should 
not exceed sonic velocity or sbocic losses will reaslt, 
liincd witb on axl&l flow co'^jt^esaor t*i©r« Is :iO flow 
reversal &s occars wlti a double faced centr if iM^al eo"^- 
orosvar, the elloir«ble sxlsl flow velocity coo be 
;po»tor* *^or very \i*^h speed slrcr&ft trend £3e©«s 
to bo towerd the ti*rbojet ©n.|ine with Uie axial flow 
eo^tprosior, >iie i^oorvsnt factor iiifluoncing tbic 
trend Is the fset ti'iat the pKtmissIble airflow velocity 
enteriaw the so«t|r ©suff* 1* hic^her with the sjclal flow 
typo* A rassonsble value to s»suss© for this co ipresaor 
•otrwnce velocit;, or diffiissr exit velocity, would be 
ofiS eorrespondiiv to o wsch niasber of 0.3 to O.I\. -’f 

cjx.rse, es w© b#v« seen, this i# s f'.mctlcn of tne 
cc»f»5r«««c£r d.*siipi. 




k* ^3tt«&rn4ftX > m,: Uo:<ai<crKfclorv3 , 
r'le 6osim of en efflfilcnt rtlffu#er entail* * 
fold con#id«ratlo-i. f'irat, ?he *ra»t be «»ic‘j t 5 oe t 

the preetture rocovery witliln diffue^r •uat be accom- 
plished with & stinipjiaB loss; aeeorid, the fl'sr over t;ie 
wtside surfaces in tiie viclnlti of the Inlet 

duat not be disturbed to such an extent that tn* drifc^’ 
la increased. It is d»i« to this latter coneideretion 
that a lower lirdt on velocity ratio is i'-nosed. 

In sribsonic flows the to tel Jtim; of a body s)iepe 
can be considered tj bo eonposed of two soupvments, sitia 
fri<»tioa 'frsJC mmko drag, '‘cm two coMpo«ents are 
inter—rolated and have fchetr c oun terpax*ts in the interne 
diffuser flow. In tlie consider a tiosi of drag e© are 
**ore concorned with the re»lstai;co of the sir to the 
eofcion of the body tliroo^h itj with interrml flow we 
are >ox’e concerned »ith tlie ■ir eaacre loss ix5 tl"io flow, 
i. body in a subsonic, no?i-vlscous, ideal floe tics 
aero <irest fore* a eating can it. The flow ccjwcs to » 
stR.rnation yoint on the l««dln:' ©dijo of the body with 
the slnetlc enrrsy of feba flow beliif transformed into 
preseur®. As tii* flow contlnuos tround tiia body it 
accelerated up to the widest dieenaian wit-x the iS"os*«tre 
docrocsinT as the velocity increas-«, f*eyond tJae videsi 
dis^nsion te flow decolors t^s to a rear 
point, * at-tmation of pree**!^ forews in ti»c <Hr*e- 
tlon of flow is aefo. 



1‘1 



'f'rso real flow of a aubaonle, viscouo fljM trl#i 
to follow rwtte-rn of *-tm Idwal floe, but viecowitj 
CBiises some deviations. '>ue to vlecous forcet a Loan* 
dary layer l« foiTjed, « thin layer of flu 14 at tuf* 
aurfoc© of the body where « strong velocity cr ad lent 
normal to the body iiui'face exleta* This velocity 
ji^radiont i» the result of viocoue interaction, friction, 
betispoen U>e body taid ih® fluid. Vrietion tends to 
I'^ped© tho oro.*rcs8 of bot’y tnr%*>unh the fluid. •»:« 
drs^ due to friction Is uauoily r atnor apall, but with 
strea-'nlino bodies it 'ney be tHo ost significant cosp- 
9oru»nt of tlie total dra^. 

The aacoTid cowporsent of drarr is the one which csuaee 
»oat cor»cern. i^s the flew pro-"resfio# «*o-nd the body 
the boundary layer grows. Tn the poaitlve pressure 
^’^rsdXent at the rear of the body t.he bouTKlary lif' er is 
unstable end the flow tends to separate fr» surface* 
then the flow separat*4 there Is a nressis*© lose* 
su^ation of the press i3Te f»rceo tbeat th# is no 

lon/er aero and « drau due to unbalanced pressure 
forces rs»*-lts. Fressuro draqj Inc reane^ with fm*ward 
siove^iertt of ti'io separation point. s*itu poorly desin'ne^ 
shapes the pressure or wake *.!ra>i & oi^nt to sevwral 

ti*«s toe skin frictioa rs:> \»ia Is c<Lr,p*.rable with 
the eep« 2 '*tlo»i loss wnich issy occur in Mie interasi 
floe ttirouijn the d*f fuser, At low velocity ratios 
seyeretion of tne floe OYsr toe mJtsid# a»fi*ce of 
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zo 

t»id diffu^ox* i* “oro to occoi* wlt^4 &ttei.dmnt 

dra« loi«oe. 

c<aes(3lXc«tion8 s-rm incrod‘ic«<3 ♦ itiJ • r- 
aonie flowi, ftnd oiibsonic flo#» n«5sr fch» s,3nic ^«locity# 
Tor • body ia a 8i3P',ti*sardc rij>w, * dp«fr force eslate 
even ill « perfect fit^id* dr«jr with which we are 

concerned, howevor, i® not tlJl# for^i dra^^, but the edited 
drfijr reaultini froas the at>p«eranc© of c ®Ik>c?c wove on 
tise f.urfac 0 of the body* 

The critical * *ch rxLUfiiwr of a body in defined ao 
that '•cch iu«sb«r at »^lch a *ach nuwber of on» Bt'r»**rs 
in the flow eromd t!ie body* *hen the flow ia at a 
ttuch n‘wp»ber fa*«»ter t;xtn critical, there is alwaya 
the j*o«sibility of a aisock wave exlatin^ on the body. 
Jlnce a SAock wave cauaes an abrupt in the flow 

with a hl«h degree of turbulence in the vicinity of the 
stock, the rcault* of this dlstiirbenco are tran»»ibtcd 
to the boytridory layer* The boJndary layer la thlciia.ne<f^ 
ahd tlie added turbulonc© increises feie likelihood of 
early fl>w separetion end wako 4raj|^« 

.then evalc^etln^ dlffwaer nerforwaij;©© ths effect® of 
drai incroftee due to a ;>jartlcwler confit^uration «ust be 
balwicod a«caXn»t tiw *TBin in *ntine p3 rf owiaaee reewltin^f 
from :he improved interiial flow. This iw rrobebly an 
iwpCBftant factor In ti^e choice of the flush type air 
inl^t for B ^-^0 .^rwaent hifldi airplane designs. 
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CKAPtSII II. 



Dlp’f*rtG:3l 

Wo h«v» seen i^tt the purocae of e dlf fuser* is to 
reduce thjn velocity of t)im intGoain«; «ir to e level 
suitable for use in the enxjine ca»ji*e»»or, end, furtUf^r, 
to recover as arach a« pocslblo of tho klactlc energy of 
the alrsti*e&a and convort it into pressure en%ii*s;y« It 
wee shown that udion Uie ren recovery ratio ms hijh the 
psrforsjence of the jet engine increased. Let ue noe 
InTeetif^ste scuae of the factors which decrease the 
diffussr offlelency. If wo apiyeciate w^iat tliliwr® 
effect diffuser perforsience, we can Incorporate into 
our <lif fuser design features which »lnii«ice those effects. 

The principal typos of loaves ericountered In diffu- 
sor flow are: 

1* ,d*iock loss. 6. T^u*nln{» loss. 

2. "ntrance loss. 7 * Obstruction# in tfie flow, 

3. Yswlnij effect. 0. Loska??e loss. 

k* Expansion lose. 9. rbtlt loss. 

5 # Friction loss. 

So!«e of tlweo losses can be eoproxisisted by alwple 
analysis while other# are »o cowf>l«x xuif ‘iejieadeut ufjon 
toe conditions of a particular installti tion Jtint anlj 
fl^eneral x*ulos for pvsluctin:^ their *se|rnltud© eeii be 
iciven. Tne losses listed sbov» are diecuseed in tiwi 
followir^* T»frrw;rapns, 
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» ;ock lo#» la e prot»i«* vMch i« nec Jli<-*p to 
a.ip#r*onic 8p«eda« A ehocX • »■»© ia a roi^los «cfos» 
which ffu<Sdon end ttiilte charus^a in praa* ur©, isr^d 

velocity of the flow occ'op* Tt i» a non-iaentpoplc 
c^^ireselon, 7h© prosaiiP© abd dwneity irutir*©*© wf\lle 
the velocity decrease©* vJnee shock v&ve Is acc?s^~ 
periled by an entropy Increeso, there is e tie creese in 
tot&I pressure. This loss Incrses^s with increase of 
flow *»ch nusiber before the shock save* Tlie widtti of 
the eoock wave in the direction of flow 1» vex^ s^ll, 
,'hoc« waves n«y lx> cl*8»lfi«d into two oetswories, 
norssai and oblique* Jhose descriptions specify tne 
orientation of the wave with respect to the flow direc- 
tion, n -ratal ahock Is ehaaractsi’lsed by a jn-ip fi*orf 

supersonic to subsonic velocity; the obliq.io shock, o*t 
fc'rie otiier hand, i»sy cause a v©3,oclty Jimp f ra» supwseni 
to a lesser sup^^rsonic, or subsonic velocit;* ^*tie 
velocity jusip froe av»personic to e Icewer ouporsonic 
velocity is more liicely* T*!# total hoed loss across a 
noroel shock wave is forester t©en tJiat across an obllrpre 
shock wave, 

Yh® relationships across either type of suoci wave 
are by the following «que.tlons* 

^ - an^;l« between the direction of flo* end 
the shock wave, for a 3 »ei*>al suoek. 
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X • condlfcia't ‘iefor* e s joct. 



y • ca-ndlt.lor* €ifte»i' tiii* 

« 2 ^ 1 -f ? vccs*^ 3 

^ r-x‘^»in2^ - i+ETv^.in*- (5 



If • [rff *ln2 (3 - ^jv:^ 



. |L^u-!£! | . in 2 ^ . ^ y-' 

L{r^l) Kj ;2 aia^ ^ J 





» 3 t^ sin* (5 
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FvjytUmx^ inforaation an shock waves can be found In .'♦f , 2, 
and the p-l«tlon»hipa across tho atiock wave can be ro*.nd 
in ‘tef, 5* 

Shockless compression fro» »jper sonic sneed to # 
soiac speed Is theoretically ooselble. The diffuser 
s^iape for such s D.ow woild bs that of a reversed I,sval 
nossle d«islr;ned for one psrticulnr Inlst «sch nupeer, 

’^Ith such shoc^sless coiepiussslon occnrrlm. , taie e-^cc; 
nu^er at the diffuser throat is ori«, and the <»ass flow 
is a eexiaum. tow, consider a slight variation in the 
»ach nuaiber of the inccsalrb'^ flow. If it Is less then 
the design «sch nujsber, the •*ase flow will be lose tr»en 
aaxiffiu:., Vie tiiromt m&ch mwbsr will have to be lesa 
tfcwr- one, but isen tropic cewspression frs» s-'pwrs*w ic t*.* 
subsotJic flom da*xands sonic velocity at the diffuser 
tliroat. The flaw b«c<jaes unstable ssd a d«*tac*»ei snocs 
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foriJS oi i*lfru'«rr ♦•itro'j'f®. 'low *-iy# 

diffuser b0c»M»fl wholly «iiibsonie« '»« *•:» oti%«r .••md. 

If entrance ^cb riusAJwi* is than t>i« deslrn 

value, the value of the tJiroat r-ach njwjber alii *^ver 
• at as low «is ono* ituparscnic flow will ©tart iito ^a 
divers iru? of tha diffuawr sod transition to ©utsonic 

flow can only oeexa* UirouiTh a a *ock wayo in tl»5 llveiv- 
Ing part of the ^ffueer* 

wa have coneidered what hap /«i%s when variations in 
flow ooc^Jtr with h reversed Laval nosale flowlnpj: full, 
Actually, w# aJjould consider ehst happens when ee iw^ve 
subsonic fli*w throu^ saoh a dirr »ser, 4Lnd ti'i# wotrio^co 
*iech n'JEjsber Is Incre&sed to supersonic values, *t 
entrance *aeb uunbers below tiw desi.t^i value a detsex)^ 
shock occurs A,h©a<3 of the dlfluser becax.se a wach nuaafcor 
of one tries to occur In tho convar^^ing part of the 
diffuser, an unstable flow condition# At sooe flow 
RWKih nwfcber, the cofitrsctlon ratio of the converiylnf* 
port of tho diffuser is s*^h that a le&ch raise ber of orie 
occura in Uie diffuser throat. This contraction ratio 
can be dotenained froia following; relationsiidb: 

CcKi tract ion ratio for sonic velocity at diffuser 

thr‘oat * area ratio for isantrooic decolersti«in 
of flow to sonic velocity at ti» throat 

» / p? 

It this oolnt the dtff -isor. Is able to aealli# tn© 4e« 
tacjieu 3 r?c^, s .pers'»nlc fl>s ftirts Into t-ie diff^ieer. 



siiid. thn ahock foi*i3a In tJj© diV0r*;l5ii i>m*t of dlff *- 
ec?, its location dapondant tia (u-^SMire ratio* 

across t>\© diiTu*«r*. »« can a««j Visraforo, that •Lhocr- 
lass diffusion is iuposslbl®, but w» can *^v© the da- 
tachsd siiock Into tho divargin/; part of trm diffuser. 

In '»ef * 6 the t^^ieoretical *ex:jbaro^ efficiency 
fettainablo «ith tlie type of diffueor described cbov# 
is v*iirer», as wall as t’lc results of ectiial #xperi=»oi-its. 
This data is ahowiin 4, Actaaily, with &n cdjatt- 

abla throst one hundred par cent efticiencyle U\#oretl- 
cslly possible. If, sTtcr s.i£W3rsonic flow has eterted 
through trxs diffuser tla'oat, the tin* oat &x*ea ie reduced^ 
then the fchx*oat m&zh maabai* a^roaches one, ry adjust- 
ing the presstire ratio across the diffuser t>:e position 
of tiio ohocic weve can be \oved into the throat of tVie 
diffuser, and there Is no loss when the wisch m^ebwr 
the t.^'iToat is one, Sinjh a procedure presujooosea that 
conditions eervoss tho diffuser can b® closely controlled. 
In the ©value tion of the theoretical isaxljiaJB e ffielencies 
of Pi?|, li., r.he shocjc had been locetsd In the dll fuser 
t^iroat by adjustin:? the pressure ratios across t/ic 
diffuser*, jiowav r, tne jsressure ratio across tho diffu- 
ser depends upon the ambient pressure, in Uils case, 
and the volu^s^ flow t#\roui*»h oppressor, a f^n* tlcn 

of c (repressor spe®d. It is not eavischlw to vmip; t>m 
co?^rew>or s'^eed over too aide a rauro, L ♦ 

efflcionc/ of the cn^*:inle will decrease. 
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»ech«nicsl dlff ic of on adJ«#t«blQ tr:.r.>at >14 

bo okffsMJt by Improved difiutmr «!» ic»i 

wiuld Jesuit* A tblx’d objoctlon to thi» d.iffu««r do- 
sl^n 1« t^iot for -Hicb rMBbcrs jrsotor U-vin tb*»t 

for vtrilch tlio diffuser eoa dosii^jried, t'i® vol%»« flow 
throat t^io diffuser in<irsagt»s acli nxjBsjber* 

To accoWfodato tals flow tloe c*n^>r«RSor s^peed would 
>iBV© to Incpsass which wo»ild affect the overall 
p=*rfarraa2rics* 

As fro© strsiB* *iaca niasber incrsaiMse, trv» 
losses occurring thrau^js a detacimd ehock ^-avo Xnci*e»s# 
very rapidly, as can be seen In anf, 7 pr«)»«^nt» 

an analytical study of one ^tooA of reducln,^ theso 
s?iOcilc losses. Mnce ti» i'>eces t‘,irough an obXlcne shock 
ars less tiiisn those thr«*ir,h a noi’sal shocK., it was pro- 
posed to reduce the Initial ^sch j«ijnter of the flow 
thro4#‘h a series of oblique shoc^.s, and finally tbronj^i 
a norraal shock wave. The results of U.\i« enalycis, 
shown in 6, wo tld seen to Indicate Utat pr»fiav»‘o 

rocov«4*y eotiia bo considerably li'iproved over t)vit 
poscibl© with one noratal siocic, ,'jarttct<lai’ly rt hi~h 
jssch n^agbers* 

Fro® tile fox‘egDln’‘ diecnssio® it would anrear that 
shock free c-«wpression frow Sipersorilc to subsonic 
Velocities is unlikely. ho»e sttock eye tew will occur, 
»'ither iio«^l or obXif>us, and located either eithiu 
or extoraal to the diffuser, van Uioa:h Urn shock 
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•iny i'm oxtctinml to proper It la onl# rlicht 

ti:i«v th© los»«9 lncui‘r#d f"** b« ©ttrlbus^d 

to the diffuser. In mil cur dimciaalon of diff iamr 
flow 1 WS hav© referiMid to fr«e »trae3Si condition# of fl>w 
with th® subacript *o”; with a anoci located chafid of 
tile dlffuaer entrance, tlii# condition will to that on 
til* downstream side of the shock* 

Ttie detache^I shock ahead of a dlf fuser eatraiica Is 
of a csRaplicated structisre. In the res^loa of the » tro«pa 
tube d^ilch ulti'iately enters diffuser entrance# it 
Is eseentleliy a r^or**! shoes , or »t least th© assi^rp- 
tlon of a nor:asi shock will A»"iv« e resBonsble a?*r>rax D wa- 
tion of the cond it icxio dcj^istreaan dT the s;k>c*.:* t”ro* 
coedliv: outward# norial to Ui« dl root ion of flow, tii© 
ahocj^ jro?:resaca throujjA the whole family of strorif]; end 
weak oblique shocks, and finally d&tqonerotes into a 
«ach line. 7hls complicate# th© flow pattern around 
the o-utald© of th© difAvaer heeauae of the resaltljw^ 
velocity frradlont norwal to tOe direction of flow, 41# >, 
tlie location of th* shock wave ahead of the diffuser is 
difflc'ilt to detereine, except when the wwch jsasiber 
iiaoedlately down«tx*«am of the shock wav© cori'esr onds 
to the entrance aach nmber of ttv* diffuser as detor- 
mined by the vol'sae flow and dlffamr .w^j'netry, Tn 
this letter case, tlic a.v>ck weve will probebXy attacu 
itself to tne «.*, trance lip of the difAssor. 
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In sots® ro»p»cts t“s« •Hoct ii»v» 1» 

ta:.teouo* Xt will »ccoTW»odafc« u r«Av« flow 

conditions ttirouwh *chs> difiusws** •■t r©lati¥«Iy low 
su'«r«onic '^ach mRaboPs thw loss occtirplip? hPoat?h ixi^ 
shock wavs is not oxcossivsj and Rdditlonal eow^prssslon 
of ths flow can bs raeds bofopo flow entsps the 
dlfftisor* w»ji»thoP, tJis flow twrbulcnc® occaslo^stl by 
ths snook can bo wholly or partially d»-:ijed out bofor* 
ths flow on tors th® diffuser. this turba^l<^)co 

caused by ths sii-ock wave is of sa*iw i^portiasico can 
seen fro® '/i'% 7, w”iloh shows tbs loss in prea^ro 
rscovsry occasionsd by incrsasing tns exit cons •.orl® 
of tlie diffxissr fro® 3 dsgrsos to 5 d«|rpess. ^or a 
diffuoor wlti'io'it shock ths opttcRtn sxlt cotio ong;ls of 
ths difr««sr Is about C dosi'ocs. This indieatss tiist 
ths prsasurs rscovsry within tlis diffuser ^.ust be nor© 
'^•adu&l bscaua© of this shock inducod tixrb-ilsnss. il- 
thou^ tho Interns! flow within a dlfrussr bsnofits 
fro* s rtstachsd s lock wave, ths ©ffset of ths sxtwrnsl 
flow on tbs rar. of the eii^las necolle bs osrioasl': 
increased. **‘hlc partic-nlur probls® ••rits cxosri’-sJitsl 
investigation. 



'Pit rones Loss* 

Th© is!|*ort©ncs of ths Antrsno© cunditl. ofia of s 
diffuser is iot due to ary peril c->.l*r lv«s occJr'^iu- 
in diffussr itself, but tus sffset oi •'is 
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cotviltion* on otiiti* dirrun%r Xo#** #♦ ^os* exo.~^Xo ^ «>r>» 
tJ.jjT'boJot (S’lgiin^ ^a-’'Jur«ot:ir<»r fcJifit w\o 

pirf or^-'jtnc<j is J50tr jr-jiRr'snt.s^d uaIotss ti-ii© sii^rio* v*j*iS’-' 
tion across Ui© a'inprosscr iulaife is loss tkan fivs 
c#nt« 'kJs plans usi^^s sn»rt^i€t scoXstos l;^lt 

bv hRvXrY* coiiatant v«l icity hs»^ *t tas dif rusor %'ti'?-nco, 
Obt4Siinim3 lijalfor?! flow cofiditloiw <it th« dK'ussr sn» 
traces !»&7 bs coojplicctsd to/ iiotis entraics di^jct locktAona* 
If as can ccacelv© th«* idss t:M!it to© iip of toe 
diffuser entrance is eri airfoil snaps# s« can ^>icturo 
tfhat harpans as tke airflow approaches end passes it, 
Ao».«a« that the external sitrfece of Wie diffuear is l:,a 
top of iho Qirfoil, sod the internal 6 ‘^faee is 




preoatH'c Jisirlbution V/Vq^ 1 ^ 

aboiit an airfoil. 



botto*, ^*ith a volpcit/ ratio i'res-tsp'r fc.ian on® 

to'* diffua^r eirfoil ah&p© is «t a mw;ative of 

sttac^, e noijativa ji' assert' area clue to t .i* flow 
insld® toe diffuser. Tf» loaeet .reasire will ocenr 
at the throat of t'-»o difruaer, '“-.e fi^jw in the diwor,'** 
ins part of the dirAiser is pro-^;i‘e»e : nf. a^aimt a oeitiws 
preaeu-To r^redlent due to tha diffuser oefLin, 'I'nie 
Increased »*>tive prwsaax'c at to# dlff'*sor t^roet 
QPisikSos ' ' •• jif*e*s‘iro •/radiant ^p^^ratioi of t**a 

internal •ore likely. 
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%'lth 8 vo3.ocitj ratio tLw ■ onst ^ m <U'. 

Hr? is 8t & oositiv© of • •n® 5ricr®©©#<l 

m>f^8viv© pp«s:^ur® £T©e occurs ®3tt«mal to tiw difA/©«r, 
Sos© limiting volocity ratio 'ad. 11 be attaiasd ©bera :^>© 
o.’trfmo© lip a tails and the flow separates fTosi t 'sfi 
outside apjtr’fac© of the diffuser with ©xtor'ael drag in- 
creasing eccordlnglj. 

If 8 shfjr^p loading ®dre hsd feoe'i selected for tr»© 
diffuser lip, to© effects described above would hsv® 
been «^,"r8vated, ccn»id®riii,'r sub«>nic flos> »t th© diffu- 
ser OQ trance. A sharp nosed airfoil a tails at loser 
angles of attack tnan thoso with ro’.ind«d leading edges 
due to the difficult/ of th© floe around mch *. oorr»er. 
»lth sm^raonic flow into the diffuser a s:tarp edged 
profile asi^;ht prove beneficial becavme supoJ:*S‘;e 2 ie flow 
can cViango diractlon »!mrply in followln:? cctitours. 

' here the normal a^ock is located «t tli© dlff’-iser 
entrance, and t'mre is subsonic flow In Uie dirTus«»r *»i4 
supersonic flow outside, a sharp leadinr ed^e wo'.ild be 
preferable because it wo*’.ld have less effect on tM© 
exterml flow, and no offect on th& Internal flo« because 
the velocity ratio In this cs?»e is ono, lowevsr, at 
C'K^iditions other than t!ict at anlcb ^he shock sits on 
the nose of the diffuser, the sharp l^sdln?? od<ie ao-J.''* 
be deij’isssntal. 

In tue entrance of & diff'iser **tn a r Winded leer- 
ing • d'-s, tAnre Is e region eher® tuie flo* will *•© 
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/* point of (iitrus^r cro*3-«»ctIo «•! 

ar®a i>'^lll »><rcui*» Trii» F^^t^lon of contr^-'^tion h%i lt« 
advantages and dlaadvantae:#®. It wi-ovldes a r»gi<xi of 
favorsbl® pr«e®ura fp:*&di«nt •^•ro »tr«a« t’U‘buler.c», •ueh 
GS that foll^ninjtt a shocij: «»ve, *>&;? be da -7>«d out. ma 
the oth#i* hantll, the flow i« accelonotlng in this reiclon 
G3.>di ♦OP® co®pp#ssio?i Is pocpjli’od in tfio divcpgin^ a pt 
of the diffuseap. At entry »aRi auebera ne«r one It 
does not require psuoh of a cnen-^e in area ratio to cause 
considerable chan e in flow •■*ach »»«ber. reenon^ 

able cocsproaiso «ist b© effected, 

t\f»c«use the now fit t’la entrance to t^ie diffnaer 
is not parallel to the diff’iser rjcia, s^e qxiestioa »ay 
arlae e« to whet i» the effective eiit 2 «ance ei*©a of the 
diffuser, fho ste^etion point of t’ne flse, fro-** wi^ich 
the boundary' layer starts, will tend to ■'ove into the 
diffttser GS velocity ratio decreases below one. It 
will oave to Uie outside of tne diffuser for veloelt> 
ratios Incrofislng above one. This will affect iJhe con- 
tract Ion ratio to tl'ie diffuser throat whici' eey roach 
mesaurable Tagaitude with nxibsonic entrance noc#! 

rrosbera • 

Heeliziiv^ the effect of the dlfruaer entrance on 
the internal flow tnroujrh the dlffaser. It should be 
CGrefulXy designed to cause t-e least dlst»jrbs.*r}e 
poesXele. In t ’-is c«ee tho onlj loss in um ^ifrueer 
entra/ioe eiil be Ui» friction l'*e» el*J.c:’. t»Ao«ld oe ver;^ 
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aiaaai. If th« diffuser entranes ia poorly <3oel;:ndd 
internal losses in tli® d Iffuaer •ill be locr«f»«d* *1- 
thou^n this adcJltlonel loss Is directly ettrlbutebl# to 
tho diffuser entrance it Is <?ifficalt to assess ex- 
tent of the loss so occasioned. 



Cl 5 «el/ olllad ^rit* entire i3oe los* is the loss 
occasioned tiie axis of tho difftisor is not jmrel- 

lol to tb© axis of the initial airflow. !^n<ler snch 



circiiTEietances the flow at tie diffuser Inlet will bo 
cc«!^lex. &uch a condition co'tld occur with yawing ce* 
pitchla’ -sotion of on aircraft, or alien landltK; and a 
high angle of attack results, -owe aircraft dasi^.awre 
allow for tils last case by exte.^dlrig tne upper lip of 
the air entrance «2iict. A f-ood exaMple of tlils confine- 
ration is th© air entrance d.tct of tha 

In Uie plane ccattaiiilnir tiv« duct axis and the laxi- 
suia yawiht? anigle, this offset Is sgr-eeteiift. The dnefc lip 
will have a hi.ibei* an^e of attecic than noj^ally oj» 
one side, e;id a lo»er ankle of Sitaci-* on otlwr aide, 

-'ilnce tne vc:i>a»i of airflow thro«*'’h the duct le a 
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functlofi of en*;lne Ju** 0 uii» v«i^clty 

«;Cr’>4S ti3« ff.C* of lict, to CO# ««ls 

will b« Ln4SLff©<5t’>d I >7 tciia o^ndltl'M, X?ia velo«Itj‘ 
tribution acroas t:i» f&c» of iktct will i.\ot bw ’ml- 
for^, how ■y®r* Th« lip in tiio diirwetlon of t*a« flow 
will imvtt a lowo2» pro^ruiM lutwrmlly than th« lip tmmj 
froai thw 'Irwctlon of flow# i hl^ier vwioc will 
wco«)t%paaiy the low->v pressure to ewtiafy fl'ow ec;«d.- 
ilbri\jw. Till* will be th« weloeitj eoross the 

face of the luct# DiiwR«tr4»lly opposite r wlnl«wr» 
velocity will occur# In othwi* radial plenes »ro<md tlise 
duct entra'^ce the flow will vary fro* a »*t 000 

lip to a winliwyH at the other, except that there will 
be a losaer dc#|ree of dirfereuce. In a bend in a d*tct, 
w’^'jich i« not unllite the situation in thi« ccae, it hae 
been found tliat a aecoxu^ary flow in a plane norwel to 
tae raeia flow axle s^wietiaioe oceuinrcd# ?hia eould eleo 
take place la this in»tence# e not reault of 

effect la a dletiirbed oatrut.ee flow into t-se diffw- 
«or w^lich aay reault in sidT’flciont turbulence to cenae 
a lose in proaeure potential, ajid irtll x*e«ult in d©-« 
creased dlffueer per for jwa nee. :’.ince the resultinr flo* 
will vfery in all Ua*ee di^N^ialona, aaad wortlcity will 
o« introduced, it will bo difficult to afnalyae# 

k» xp anal on tosa * 

It titte b ee ^ reco.ipii«**d tift dlffueer flow 1# iiuk 
etabl* t»/ it# */er> nature# In the diver^ln^ pnrt of • 
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dirrusor flo- adv^acl^v . a ooaitit* 

nr#ii»\ir'® <?n ?5 it '>»or.., i jvi-i.i ir 

gradient 1 * too savar© to# floe •ill .••parat© fro^ 
diffuser Trail* T'p» r*ault of t.ila ^np^^pitiotx la a 
sudden »x anal on frcre the point o\ secair' tlcn to 

of th# diffuser. ti>e l'*«t c&‘»a#d hj a sadden «x- 
panslon Is c»lciil«*ted In n«f. 3. 

Tna loss da© to a andean *Xi anaion to anal*- 



yais In Uw following? -aftsiar: 

t I 



• P. 

‘ Av 



h 

A, 



V.! 

*po^ »3ai»aouilli* s ©{^uatloni 



a + 



• 2 ?- + ^ + hf 



P 2 *. ^ P 

hf - head loss dus to atadde i e ilargensnt • 



(•) 



hf 



^ 1 ^ - ^ 2 ^ (p? • Pi) 



2 g 



P 



( 1 ^) 



llortr, th« uosEentuia prii*clplo states tix«t cho resulting 
f PCS actlno- on a body scuala tb© cn«n*« of «^oBient»n 
of the body par second. 

f<ats of ou«ir« of #o»«©*xtua • 

^orcs actlry: * (»;2 * Pi) ^2 
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(P 2 - Pi) ^2 * 
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Tubatitutlng In (b) yt»lds: 

(Vi Vg)- 
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hf « 
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In our casQ will fce th© vslocity at point of 
separation, and Vg, the velocity with i*xich the floe 
re-«steblifthes itself. It is evident that the loss 
will fee least If the point of flow scpai*j.i.tioii la near 
tile eJtlt of the diffuser, If^reasln^ es the point of 
separation wove* toward Ui« tew’oet. An incosiprsa.»ifel« 
flow analysis was scad® in this luivtsiiee, and Is accept-* 
able because it Is iioped tliet the flo«» will Im slo^d 
to the point where it can !>e coiisidered irmonpresaible 
before oeparstlon occurs. If such is 'iot ttje case ttie 
diffuser is too inefficient. 

T e next poJjiits to be cctfisiderod sre the cestse of 
flow separation, how the point of flow separation cnsi 
be detenslned, and whet experimental resale hare bean 
obtained. The cause of flow seperetion is linJced %ith 
the ^owth of tJie boundary layer, and »oee chsractcris- 
tics cf the bo’aad&ry layer siust be reviewed first. 



A. f otmd.Gr^ jecfor in e riffxiaar . 

houndary Isjer is a ro^ion In & fluid flow 
sdjac^it to a solid eurfec® ^'lere a tron^ voloelt.- 
j?radl Wilts horKial to Uis ear face exist. 



at is caused 
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bj* friction, the vI*#ccuj' 






* :>f « finld % V 

aurffc^cft. ' t tii# -‘Oint of contact o. Uj© *lto ‘^uo 

attrface tno of U-* rio« Is r-cro, inc?*^» atari 

nor-«e.l to tlio aurffica until it r»asho« the f etro*-* 
velocity. A typical velsscifcy pattern isoald b«j 




V - free streasi velocity# 

V - Velocity at enj point In t^ie boundary ls3ror# 

Ooncrally, bcaind«iry layers be clesoifiod into t»o 
types, Vie IcanXiJST' and thm UiPbui«nt boussder^ layers# 
Tile velocity distrlcution in Uioee two type* i« <?uite 
differ«9«t# Xn the lesainar boundary layer t^ere 1« tua 
flow of t^e fluid pai'tlclea aorrial to the laia aati# of 
the flow# In Uie turlAilent boundary Xayi!»r esRail velo- 
city variation* noiiaai to tile «in flow do ©Jiet* ’ ot»» 
type* of bourhi^rj layer incf’^.v^e in tiiic/orsess In the 
direction of flow, bat at different rates. >xu*.d»ry 
layer fppowtn 1* a function not only of tiie axial dl*«- 
tance in the dlroctlofi of flow, but ai*o of tii* .-»r«seare 
’Tsdient which isay exist in the flow, oovstidmpj layer 
wSilca le initially laininar «?sy *o ^ircr^h a ferencltion 
point where iaclnar flow can no Xen^ar be -etlntwlned# 

Tijct flow w*y even ae,4arate fror jvirfs^ce anu re- 
ee tab! lab Itself downatrear as a ^-’irbulent bo*ndary 
l*yer. 
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*0 thrt tarbulont lv«*’ 

of cTi# Klz\f*tie enerr^ Inlti* 1. 



friction io8i*a* deurclc'c^^nt oi Ujo tijrl’ulc Jt 

'l^cy^'xtXuT’y litycr cftn bo tiiuijj 



la «t«t« (c) o r*«vcraaX of fl ‘iua afcarted Jioxt to 



U» ontr&nco Up of t^io « »tor;n^tlon point 

occia'fi, At thi« i>oint the bounsJai-r Icycr hs» f,ero 
thlekTMiae* rrcm tht» point to Ci« ttiroet of Uie diffu- 
»er • n#|i«tiir« presBVKNi ipr‘a<il*iit •xiats* A 
pre^a iro rradleat haa a stabillal ne ef ract on Uie bo m^- 
ary le:/»r «o it rrows In Um> Itmlnar faaiilon# In 
dlaer-fii>“ part of tlna diff^iaar » i^oaltlva prna»i-ra 
-radiant axiata, A poaitiv* j.reaaura ^:r.N;U*nt h«Ms a 

daatabUlzJ.n5 effect o«i the bouna*.r,> X^yer. -'he X»»iw 
bo^ih<isry lay*r am ir^ral»t for a «-%ort 'ilat^uieo lefco 
tva.» mifcvorvUl® >: assuro '-radXe«t, t/>an fire\&.ltdox5 U> 
a turtjuiiiir! C botuiiia* r/ i^CvVir* tttjrbv.laet 

tKn-5t».*a.r'5 2>7^r am conrlnu* to #>/ai‘-tloas 





or th® ond oT um dirfaaor if do®a not 

oceor« 

T'n®r« 1# 0 consid«rablo fond of lafar^fltl<»ri on 
both la'ninar and turbulent bomid«ry layei’ growth, tr«^n- 
sitlon, »nd SMiparatton. ;<ef, 9 rovi»i«» the fi«ld 
contain® aeTaral pa^^rts of further roferenc®* for 
tnteroatod In pursuln."; tha subject fm*thcr* Moat of 
the work done in bouiKiary l&yer reeeorch la conflntid 
to two diaonsioxml ca»«». flow in e diiTuaer, or 

any duct for that matter, ia f irthwr coKipIicetod b/ 
tbr©a dii»ene?.ori&l affects* Tno flow outsid© the boun- 
dary layer in a duct ia not uniform.'.* It, to‘3, 'floy bo 
oithor l»alnfir or turbulent* Furtucr conpl test ions 
In o duct of varying crosa-soetlon, like a dlffusor, 
are added bj the fact that ch® preasure recovery ecros* 
any crosa-section is not ualfona* 

rcr pturuoses of analysis mom& &8au**ption«, however 
erroiioous, are nocosaary. In this partlc lar case it 
will l30 aaaujsod that the ^In flow In the duet is ooe 
di’^ensloiial , *.^id t^iot the bniaidarj layei* Issbavos as it 
w ild in a alsiple two disonaionei flow* fills will 
jr«?obeblj be not too far frou the tr ith If ttis bo'.md»-ry 
Isyer thicknwss rrealns a»te.ll in co-'fi^crls"*!: with the 
duct dleasater. 

pint of 'fr‘l;;ifcr >e.;^aration * 

Mef i, 1'? *i;lvwa the foilcrinj,' method of deter'- ijilrsi: 
tli» point of a« ‘uratlon of -*ie l»ti ler oo’rfrjdwi^ 
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«o ® equivalent flat r>luW fro* the 

entrfir.c« of t>v» duct to the point at «h iob 
the adverse :>r««rare gradient is aorlied 

SI • 0.376 a„ 

1 

82 * diatence fron to Uie point et 
wtiich ftn adverse gradient is a;*plied. 

• point of ».lnisrjrr pros^i^re. 

? * preaauj’e coefficient a 

q 

p * static preseur* et any point* 
p ^ = free atrceiP static pro»»ui*«* 
q » dyne^iic proji»-u»e 8^, 



• sloj>e of line » >prosl'ai»tiiv: ^*ho pre.^»ure 
dlatribatlon beck of the »>oint of »ini~ 
Kaur preeeure* 

Ap • (p»„ - P,„) 

5 



.o p miasibl© velocity decre^nt t*i » riven velocl tj 
«T»diont l8 aj‘»oen in r*ig, 5. 







«l_» f t . ..4J 



C* ’•iyin'n 

kftmr tia@ ft©p«ird.tXon of t-io Iminsir bo^viAf*T i4cn»r 
th» 2 *« oxi#fcs a trsnoitloa r%#^loa la #iich tsi^ n-5% in 
Va& hoxindsuTj layer i* aaither laninar nor turbul^t* 
Accordioc to II the extent of this ro«*:io:i haa tmmn 

experimentallj determined to boj 



X 

"c 



s 



7^.QflP ^ 

= % 



X » the extent of tl>® traneltion 

distanee froia the point of Imlnar aepara- 
tlon to the point at walch a fully dsv©lo,-<-d 
turbulent profile 1» obaerved* 

Vg » velocity outsido trie boviidfery layer at 
the Iminai* separation point, 

V * Kine’»5atic viscosity at the point of iamln^o’ 
separation 

o * a characteriatic in this case^ 

tlio length of the diffuser. 



D* Point of "-epareti on of the ‘^irUilent l ^undar*? ial«r* 
A ««tliod of dcterwliaing; ths point of separation of 
the turbulent boiindary layer In itlven in 12, It 

«ea fot«m5 that the variables controlling tne 
of the turbulent boundary layer eer« CD U»s rt^tio of 
the nrn-dl'»*ensional pressure *Tsdleot, exoressMJC in 
terete of »»*te local dyi»*”'ic . preai ur« outside t.i* cue bander y 

dnd boonAa-iri^ laj^er 

layer Uiiclciass, to the loc<*l s cin friction coeff lcio**i, 

A 
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md {2) t »50 8:.f ,.o of tho boutidior*y /n ^tpirlc*! 

eQMatioa *<is <!«v«Iop«<l In •'•ico, 

ifh®n u»ed witii t'lo 7ao*nftntiKa 0'-r*»tio5i tJi« akin fric- 
tion rdlation, -^akas it oo*slbl« to trnca th« d^*volop- 
rjont of ti^e turbulant botiry^ar^ layor to the *o para t Ion 
point ♦ 

at this point It i» well to review »-y«a definition* 
^ich will b» used enbsaquontly* layer triick- 

ne»a, S ^ Jl» the dl»tcnco nor*a*i to » aolid boonditi'y 
la « fluid flow in which « velocity fa'Adlent exists, 
for a le=^lnHr bo’indary Xoyer, ef. 13 Ui* «5 »ation 

for this thickness* 

other reforences '^ive esaontially *e?*e equation with 
some vai’istien* in tkio miaiericel factor. 

The velocity dlstrlbutiofci in the leiilnar boundary 
layer, aceordinjjg to Hef* 14 isJ 

^ m 2(^3 - + (4^^ (Prendtl-‘'li*8ius 

V ^ 6 ^ kiuatXon) 

r»iis cciiRtion for velocity dlstrlbutlo/s i« sstlsfactory 

if the stroe* turbulence i« 1 erv' t'ne neynoldc nu^eber 

i» leas than 500,000* 

< 

•“he act al l>ound* ry l^yer thlo. is 'lif Icuit 

to doterRl.’)!#, .*tewwvyr, iffiud otit^r l Ic nu/* .•ere-w-'tere 
are of i« the die tihic«ir}«n» 

w-*dc-i la •i*,flna4 a« t^i© aao-int tn« Kvimr&X riie ia 



•2 



dXspXac«<5 b/ Tt >*e 

written 

* 

^ ^ Jo ^ 3. - ^) 'Sy 

Another boundary layer th:lo<cne«» pr4ra.r«t*r 1» the 
•* thlciuies# • */ho d-lfferer^o between the ectxial 
flow cjfef ‘^o-fentuERi In tli« boundarj l^yer, arsd tb-t of the 
asan quentity of fluid floit n- with velocity v is p 
this relation mc^aentua thlcimeaa get* Ita 
ia dafiaod aa; 

(\ V 

9 » 4 T (1 - V J 

This definition la quite fr«o'» ently used In boundary 
leyer c«lcdl» tions. It should be noted that, elthough 
bound^-ry layer fchlc.m»as does chEnr.e la ti'snsition 
fro® Iwninar to turbulent flow, •'O'weutu.e thlc^ancss <fcwa 
not, nccordirig: to nef* Ip* 

Another parsaeter which *.skwa an a • •earROCo in 
bo’^nds^^y icyer calculations la th> shs*>e r^nsrrwter* 

This Is def liv'd a» tlie ratio of th< dla^l# cement talcs- 
ness to *-- 1 © *non®ntu« toicknesa 




e 



The equation that ?ivea thv ret© of cosutTO the 
ili o t^iaidar*/ layer, orlvirvlly derived by v*^ 
be in the folio# in f>'u fo? two 

di«sanalc;iel floe : 
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= l«>eaX *skin friction coelMoient. 



£ s noa-dl'^a»ion»l Treasui** gr#idi#nt. 
q 

The valu« of the »kla friction coefficient wa-s de« 
ter: 3 t:i«d by the Xrylre Youn-- forjesle l6), vf*ilc * 



states : 




[ 5 .”) 9 C loGjo ( 4 .--'- 7 I; .«ajl 
P MV 



R« = 



r 



'•Vila skin friction for-;ila rives good fi'^eormnt »lth 
axperir.ental rosalto on alrfoila. 

fh» vsrlatlon of liis aUapo parac%at«r, alonr; the 
S^arfac© was d*t«]^inod by von Dooin^.^off tnd f'etcrvln 
to ba; 




4 • 6-10 
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7o calculate tho oharacteriatlca of the turbulent 
bouiidary layer, it 1» alaa/s rsNiiired to knem the iniiiil 
values of ^ s^id t»*e pressure dtstrlb^itlon, *-nd tfie 
•Seyrrlda mj»rber. ^ith tnis iFifome tion i»nd tho three 
equetiotis above a eolutio«i ca-n *-,e c-Ttaln^d* -^perstly. 
nay te considered to »ave occ^Arreo ' rsechee • 

volwo of 2.6. recordin' to IP, if calcol* 

is l»»r*an In a region ^‘fce r#tio of t>« 
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%md ^ 







pr«ssu 2 ’o coofficioat to i i*! tion coci. fici^at 

it v«»r 2 ^ sisoll OP ..ositiv©, ti\<& is^ou-idtry Xfcy<?p It 

V0P7 atnsitivo to tn® initial v*-luo of S. Pop 

if ilq/dx is tepo, H will eventually have the value of 

1*2 36 ref^andlees of ita initial value. 

*oBie critlclKa of the ebove -»<thod of d etemininr 

the point of aopapatlon of the turbulent boixndary layer 

is isjlvott la Hef* 15# These "Pi tlcla^s ere: 

1* To deterislao the separation poiut eithin 

1}. per cent of the chords t-io value of H iw^dletely 

after trmiaiti.ia'i must be knoim within £ 0.05* 

2. There la evidence tnr-t skin friction in- 

ereases -violently through the edvera* pr*es3urs 

r^redleni procodin;: separation. 

3# "Hto en^lrlcci eq*’atlon la derived entirely 

rpo5s data at low r»oyaolds nimbor, 0.35 - U*!^ ^ 

/ 

iO'^. It May bo proved ulti*Qatcly that certfiin 
constants in the e<p atims *n».y vary appreciably 
with l?eynolds nuaber, 

i|.. Tam mean YsXue of « after tPi^nisltion Is 
nearer l.l^. In von “"oenhoff’s toiaojitwm equation 
(“ - l.‘») would bo botwr tho i (n - 1 . 206 ). 

, w. ana oT rioleyia^: ‘opar«tlon. 

«n«» II**** * ' . 1 1 «Hi *iii T ,1 r M a M T i I m m m m - *i m p i .le in I ■I*«I *ir-» ■ <m/am ,rM»i*wr> 

1? ea-'.'osts til* folio <'i^: eot -ods of artifi- 
ce ally -Jelsylnff seo^rMtioni 

1. Provide -otlon of trie sol la bo**nfimri in 
tuo ircctloa of the stroas. 



2* Incre^ao th« of rotar^^erf 

fXuia bj jet». 

3* prevdut th# tt<5Cf**uX*»bloA of j?ov6i6od 
flultf by mctlfKi# 

The first eethod of d«l«ylr.‘: »»?ttr«tior. suc.-.»8t<-rt 
13 i-nJ’«ctic*l in o duct, roe shepe of « diffuser does 
not i.s’.»2 itself to such a device, fc-.d seoondiy, vhe eod..- 
tional sochanlsn Involv cd *ould cause - ore serious -enel- 
tlea in perfor-..Bnce than the expected loss due toseps- 
ration. The Idea is of purely sccdeeiic interest. 

Ths second aethod is s decided possibility End 
.lef. 3 elsias that ths expansion loss can be reduced ^ 
ko to 50 per cent at expansion arwles .-.reater than 50° 
by tiie use of deflectors. These deflectors essentially 
provide a jet In the bo'-mdary layer reRion bj reduclns 
the pro.Bur. .^edient n.or the .all, or even scceleratlne 
the floe in that region. Such lsr.io divergence angles 




are not ne^o^ar/ for'aTrrfiaor t. be usta-ar.-th. 
entrance duct of a jet engine, hoeever. If a jet dls- 
char.-ing into tl« bo'.®d-ry l.y-r froa en outside source 
la oontenplsfd. cho sd^itlonel . o»er recn.ir»d to fumie,' 
the jet ^ust bo accounted for In tho cui^'-atetica of 
diffuser efriciency. /Iso, Ui* inci-'a-ed esss floe 
be »llowed for in the calculation of diffuser ,■» rf or- 
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Th« third 'uet’iod of or«v«r<tt)cv bou*K?»>i^ l»»*r 



s®;^oration a®--***® th« Invitlnc** 'Cx", 3 cl®i^ 

that diffuses' oriiclenclea of ord«r of dO per 
bftsod on -‘ov'ati* ratio®, *r« pos*lbl« with divaivafio# 

rrester tti&n 50 Sowo reau2r» » of ejs^ori 

rs«nt« usin^ this principle are sioim in rif. 9- 
definition of ©rflciency is corrected for to© power ex- 
pended In va.lsXty*' tfie preasijLi’# of tJic field reeaoved to 
tii® diffuser exit f>re»itn:'e, ftssu’xln^v a puaip af/ Isieucy 
of 75 per cant. 



Qji s quantity of fluid sucked away p'^r unit 

tlfte. 

Pj z repaired Incroaoo itv ;>raaauro f r >•» i-Tiw 
suction alit to po, dlffueer dlschar<?o 
precaiir# . 



a fourth w<^thod of raducinf oxocnslcc. loss 
1« sufT.^astad In ^'ef. 3* tr*is »<et.l'od c aolld t»ody 
rototion is ier'.oaod on tl*e flow by c.irvad wsj'*as at the 
diffuser on trance. ?hlfi sotlon hoe the effect of de- 
crees iti® tiMie rata of coi-«presalan by incraeslni^ the «w«i 
distance travelled by the flow tiie diffuser, 

''ther j^thodt of reducia?: t^la rate of c««prese >.oti eu'T- 
reFt-d by tlie »a*a article are t i© of *>"■ ao.ii* lar 




djLct feod tue uao of a divlditM vaae In the floe. In 



c 




t'Jte • i,*l0 !• 



botn of t^<3SO Ifctter cbm« 
cr^tosed with tli« «•*.« cU*f'-s®r In • 1' It 

WB 3 foiLn-d that th© of '<•« dUvidiri" van© in $ 
r©duc®d the loan©© in aid© lin^jiad dlffuanora# but th© 
efficiency was not «s high ea for a lon'^or diffuser 
with the ciiv«rp;once axurl© ea eaca of tiie separate 

pasaagea into which tii© shorter diffuser was cUvidod* 

Friction Loas > 

nuin friction is on© of the 'najor losses ©noountored 
in the flow of a viscous fluid over a sur'faco. Pr&xidtl 
in 190J|. Introduced the eonoept of Ui« bounder/ layer , 
a region of snail thlo^mcss near Ut® surface of an object 
irwiorsed in e fluid atrearu, or -:ovin through a fluid, 
wiUiin whicla the sp««.d of the fluid relative to t‘M 0 s^a'- 
fac© rises within a cci.r^fKP&tively smrt diatsrjce frotv 
aero at the jurfac© to a vein© comparable to the role'* 
tive apsttd of the body end tha fluid at a great diets/*co« 
The frictional force axerUd by the bjxiy on the fluid la 
praoortlonsl to fcno velocity ^radiont norwel to tlr« bo^ 
end can be ©xprassed; 

T" s p- (1) 

^ r dy 

7h« effect of s*cln friction is •ucu wa to cause a 
pre<Bure drop in '.he fluid in tiis t'lroctlon ol fl>*« 
Considortns • fila*»ent of flo» ui^on which friciioni-1 
forces si^ sctinr: 
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■ioriael force 


* (p + ^)ik 4- dA - / ) * pdA 


(3) 


’^rlctioR 


force 
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to B«»wton»» If y of -^jtlori; 
dt' * <SV/dt 

K ^}in 7 ths X'o2*coa in iha c;i ruction of 
’’ « Pressure f orce +• nor'^ iorce cow^os^nt 
-I- friction X'orce 

, 5 ! • f *” ‘'Jt + +■ 

iv^t) 

(fc* * f Adx/s 

>ut*st.i totin'^ In tb)!8> cf^u^tlcn oi “•©tions 
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To rind the friction lo*» in of total 
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dT® » 0 (Adiabatic rsrt*o€sa. 
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1 + 92 
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::abatitutCn-;t 13 in »q* IP, and eqa* 12 and D in 
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?ha 8t:in irlction coaf/'lcla^it for t/» laailnary 



dar/ on a tliln fltt ;*late las (*«f* 13*) 
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1 ^ 01 ' boun<Jar7 skin Trictloi 

coeffIci«it is clv«e-. b;r Oi# iKi-iro To-Ji3?g 

X6.) prfevi»i;»lx‘^ a^vmii 

^ g 

Altiioa>*h n*itii«r one of tiioee skin fs'iction coefi'iclent 
tlons hsv^e bseii obbeined Cor rXov in ft diicb^ it' I® 
baXi*Y«d that th<®y will b» «ecur®t® if th« 

boundary Ityar thickiiea® rH»--aina aw ©11 co«ip&Pwd w I tb th« 

duct 



6 * !TiaYiInf ?«p 8 s « 

In a turbojat Inatalls-tion it i® not always feaalblo 
to duct tha airflow tvcm tho diffuaar ©ntrt^nca to Ui® 
c 4 Mipi*©&aor witliout the ms® of batula in ducting* 
leas of Siwsd rws'.ata from thla cJWi^e in ti» direction 
of tho •irn.'jw, but with proper design een 

jkept to a vorj low value, loss of h*©d in « turn 

1® caused by tbo tonuesicj of Wi© flow to 8®par&le 
tha inside wall of tb® bend, At tho entr^^e* to Use 
bend, the volocltle® in the dact ore meUiinesr. ^fter 
enteriiv^ tb© he*^df the velooitle® ^ylatt’ibuticwi tw.df to 
oaip*^--;®. flow on tlio Inwlde or 

tfiTwi^Bii • shorter radios^ i® ace«i<^rAt«Ki faster tban 
thw flow sm i/vs otat«ld« of Um bim* ■ o«iditiona i-eo's^o 
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to tHond ior- • <»ortw 5 , t^ia ,r»»at.r» ou 

*Ho in»ifl« of tii* Uivn ia lesi tAii'i txiat on Usa ouw -J#, 
Thi» rdtiistjrlbuti 

turbwicnc© tlsr att^hout tli# band* :*on l«avirs?r tSa 
conditions «r« rav«i*so 4 j *^nd tise • •rvroji»i#t# fr«« vort#* 
aotion #«tftbit«iiod in ti» bond «uat bo chan| 5 «d b«cfe to 
rootllinoor flow. ?or o 90 ® turn tne lon*th of d\jct 
foilooln^r t!«> cornor should bo abcrit x fcho diiwetor 
of the duct* 

Accord in.^ to -isf* 19 , the tuminc ln»» 1« » fuiKStlon 
of the follovtof:: 

1* tho redius x*atl©> Dxo I'Stlo oT tho radXua 
of curratn'o of t>a» dust (*?) to th.«j dlsjaoter or 
width of tho duct {!-, woasureA In t?ie sasus piano 
as H* 

2* tiis aspect ratio > or rotio of tVae noi^Ht 
of the duct <c ) to its width (’ )• 

3* the iKnitle (^) throu/n wiich vhe air is 
deflectod bj Uao csorner* 

k* the local ?.eyKold*s nunber* 

Tho pressure lotm iiivol? ed In U.:raLix% the airflow 
can be expressed in the forw ef a resistance coef ioi^nhs 



)r 3St 



C X f ^ 



fig. 10 s’r*o*« t*io wffect of retfl<sa ratio e^Deciion 
a'j/la te?3t» ta« r»el«te-ace c^^'Kxvaat. ai»o 

be r« 4 J.i»e< thMt ^a tumin.*: lose is .'T*opo2'ti to v»^ 



52 

%Cn'dQ.Ti» of th« Velocity* ^:oll®© £ iv« vk1u»« of 

th» j?o«l»inr,c« co«friol«nt foi* VJPi*io'jys t^uct 

tunxlns; &asl®» &r« fjivon b«l-ow. In t.al» di-r 

5 

»®rie« of t««t* th» nviabar iCr jorsd 

10^ baa«<5 npo« , net dlamtei** 




30^ 


k^j - d.i5 


O.iO 


0.02 


(>0® 


1.10 




0.05 


90^ 


1.60 


1.05 


0.20 



Th« »dvRnt «<^0 of t;h# circuljssr duct *lthsnjt too 8««all a 
valuo of radlua ratio and with mail tumln^ cn*?;!©# Is 
rssdlly apparont from ti't» abov© listed ’sralnsis of i^sls- 
tanc© ooaf ricicnt, i!o*«vor, tri© ©fricienoy of the r«c~ 
tauiraliiir dii.ct can be ®a<ts to ©"Tipro^eh th&t of ti«© cir-»^ 
c.il»r <tjct bj lncr«fi«in;5 Uir -speot ratio, i/’>m 
inf licence of aspect ratio •Xth v^ryln^ radius ratio to 
jj-lve a roolatwice coefficient of 0*15 Is shemi in il. 

j^iiiirp t-emSa jray also be i*?pj'DVed by fh© use of 
curved vanes in the bend* T"hes* ::svo tis© effect of 
croatls^ hi^ aspect ratio ps-sa»fes, '’he -*ap /chord 
ratio, a/c, of these vines 1« lefKX tant 4S shoisn in 
^ic:* 12* oaistfence coefflcli«tt reduces to e wial-jms^ 
at « £:s/.>/ehord ratio of sbjufe a.'Sl then Increasee 

as U’se #^a'p/c\ord ratio I« raised ca* lowered* this r'av* 



w£*» obtain^ in a 90 •1th vaias &b 

<;^jitirto.r circle a, or iiAclclanec of th© rio» waa 

45 a.><5 tb« avaii^ar bA»©%i on fjst^ cf or«3 

of th© van® was b«tir«on 10^ ^lad 10^, it wa« ulso fouixl 
t*bat tno antle of incld«ric® not cPiticA' 

an lonr aa th« vanea <Ud not stall, “rh® primary r«i*ui- 
sit# of Ui# varios 1« to hav# th# flow paralltii to Uia 
•an «rb©n it l«avaa Ui# vsnos. Th« an ,1# ai' 
d«nc« of tho van©* 1* dofinad «« tha an^l# wiiich the 
chord of tli# vfers* ^u#« with tiie cHi‘#ction of tha in- 



caKiu^ flow, 

Sosa# data on th# Icawaa Involved ibh#a * turn la 
mad# in an expanding entry was obtained fro# i«r, ?0 and 
la ahoit^ In 13» In this t«at tn# dtict »aa x*ecta 5 jc^t 

lar .ith two divarcirc and tW5 parallel walls. It «as 
found that fairly *iirh reals t* no® roof ficIcntG wer« en- 



eounter#d rarticulorly with IiirroAalnsp expoasion rwtioa, 
^inc# tim 1>S3 occurrlfK la © bond Involves flow sepa- 
ration froa the wall, end *in«# tie 4in «r of aeparatloa 
1* alwaya encountered In the dif fusion irocees witlj 
incraasin# area ration, it aic^ht bo expected that the 
c':»bin»tio?\ cf the*# tiKs una table flc* proessstoa would 



result In fairly hl«:li loss#*. 



It 

fro»3 sir 



!• jg-batr^ctlong in the ilow. 

#D^‘ld o# daalrabl# to ollMlnat# #11 obatructions 
Intake u jcta, ^ut !•. 1* not aXev^a poasible, 73 
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cos* in '’’lofc ^ ccfiicftX 

b\it b« «n afsn?il^ <n*ct •lt>. • c^>.itr«.X c '1>* 

contfX'ftX •Jik't tx> lo i*suttlX^ 

by ati*Uw*s to tiwi out*i* con* a true tut** * ^n-* centriil 

c-'B* * 1.30 requlrXn"- lo«d» fro»s th* 

out«14® of In «>j»« Inatancoo, acrcens 

b* ;>laced Ixi the dact tihefid of t:*« coeipreasor lalct 1:* 
pro v®nt the enti^- of foi'Hiivn 3*ti©r Into Ui* onjrlii*. 

All of tl»ao obstruction* ere '•otentlisl ©ourc*-* of 

X^*® du© to tiii*buIon.t fi^* cbout* tne^* Tli® 
w&i.*niUid* of the loss dsponds w^^oa locavion wzd »h*p« 
of tb* obstruction* Xt would i30 ksrposelble to --^Iv* 
r®A«i'*l ral*3 coverXfiifr sli ^lossiblo csses« out to-** •*ti- 
•*ate of the lo«® i*3y b« ^ad* for « partlculsi* case* 

Let us c ''insider ovtst of the worst css'os^ im obstruc** 
tion wMch Is not straswlined. lo»s occwsictiftd by 

tills SUSP* esn be oonsidsrsd to b« caused by s sudden 
contrwetlon, followed by » eulden expansion of the flow. 
Bef, ^ 4 lvs 8 the 'c.i'jrsX for® of thee* losses* 



I,£»sa due ko s sudden contrsctl ^nj 
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tt « pofltion dl. «b9 true 

b - ,>o«itlon of c,»Q«»-r.ectio«-I ir-t*. 

c - ?ooition ax't«r o^^str^ctlon. 



Lob* d'»© to *x\ obatmicfeion; 
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A p * Qb 

i»ii8 that toe rio« ia In txiO vicinity 

of ob»tT4ctio,"u ?• la fctvu«pti436a isi justified b«e«u«« 
t « obstruction *111 probably he located In a r^r^lon iB 
•nich the flow :ia» already been considerably slowed dowa. 
fficK^e the loss ia 6 function of tho acuare of the velo~ 
city it not be logical to have an obatimetion in 

tua aicii speed flow rd^;ion. 

Ap • Qb (^ + Cl - 

Ao» toe loss coefficient of ^dden ccaitraction ia b«4»#d 
on ri<>*r Crop e iar; 7 er ^Ipo t*> a a^aller on*s but lot ua 
a?-sup« that t!ie a 4*^ ooefi Iclent ia setlafactorj baaed 
on sraa ratloe# b‘ 3 ftn a new loas coc* be.^ed ^ 

area r«*tio» sen ^e oslc Jlated# 
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>: » k + u - 

Tnl» ii#w coof .'lclo^U i» pl^tud Ui n.'. Ik v^rloti* 
ar«6 rAtio»« 

If ttv© ob«fcruatioft 1» 3ft tl:» lon«4» will 

but for y! 0 #fc obstruct I oa« wtiich wight bo •nco^m- 
t«r»d tft* l.>a« in la», but of «i<airic4Uit zagrtitud# w-ien 
tryin? to «cw»p efricloJicy hlfJi. *?1w loss duo t-& «n ob- 
struction In flow ctn b« f’lrthor roduooU by ti4» 
of a fftirir^ or #tr«i^Xlr® sharo sround Use obstructio€i* 
In this cfts« ta« only loa* to bo ospoctod would b© that 
diio to friction which should to® >?ery 

5.* loos * 

At ih« sxlt of e aiffuaor Wj« intsrnsl pr ©j^aur© 
mmy b© consider ably sbovw ths pr*e.‘aurc of tho aurrorind- 
in?; «ir. i^nloss c»r© has be<m ta-ton In ssskin^; Ut® 
joints, particularly #i®r» the diffiisor joins tti® co**- 
proasor, the sir will l»>sk into tho rti%ion of lowor 
pra-'suro, fhis c aside rati on -llitstaa s.«^oiR»t _r© 
of Ir-ai; ducts frca the dlfluser exit to Usa eos 5 >ressor 
entpsiice# 

rwrendlng upon the iwMh^v and sis# of the lo^^ics 
thioisselves, losicege can lisve s s«rl »us affect on diffu- 
ser officiency* laaka?© a In a teo-fol«* loss* 

rXrslf there is s loss in the ^sss fl*j« into ti»e co*- 
preis^^rj --nd, secondly, tharo is • losa tn ts»e«airo 
rae*ilfci!V^ Cr - tit© X'ses In fl«id* *“0 •#»© an# •fel'^te 
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of thi» fkjctfsnt of l5i»3 to •oul4 serve no 

useful -"urooiiw*. Leaksi'e la ln«x<^u3&ble, 6/i«5 if It 
«V><ild ocoulf*# tm? first li^ioold not be Hiet 1« 

the of feet of tho lose, but how can Uia loauc h» sfco'.-^oS. 

9 .* fxit Ip«^a* 

It ha» beefs f*>jind (t^ef* 2X ah'3 3) ccer>iot* 

preasur© recovery does not occur eutii'^ely within Uio 
dlffueer far & glv#“i diffuser lirsa z‘Stlo* ef, 21 weo 
the eour'se of 15 eulch onov* the len^-Wi of duetlsai; 

jieo*>«t«try for o turbulent veloclt;? profile ts develop 
In tlj&t duct* Title velocity profile leevln^ tiie dlfX'ueot* 
proper i» parebolic in o sepe dtva to the feet tfiet {Toesisre 
reoovex ’7 la not anifona in » plane nooriel to the dirfueer 
•Otis* 

Raf. 3 clei»» Ui-t the rerji^lred Xen^tl* of ductiri^ 
fol* ,#wirsi a dlff^xaor ©on be reduced b*’ » ,oti«n slote in 
tU'se vicinity of the diffueor e*lt|> or Iriduolng e solid 
body rotation In the flow in tlso diffueer, auction 
slots, tiierefore, #jien were u«*»d to reduce tu© IXlna**' 
llhood of fljw separation item »«rve e two fold ^nrrooee 
«n<] z*e<P-’c© the x'w^ulred lea«rth of exit ductln-3. fue 
extent of rotation lad .ced iji Uie flow at tae dlTiusor 
exit by the rotary )«otiori of the c:w*preesor 1» not 
known, but it le felt Uy. t »!•« rotation does oo(air. 

T’lla, too, emvld ha^iw benefielal effect of #sortwn~ 
inM *?>% of exit d-^rfcin* ro#?»f.lrwd. 
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«p«aA:lTi2# BfiTiulor diiV'ueor *:««• c •oro lr»bi« 

fixit vo2ocit7 '.roi'll^ titwn <4o*» • corilc&l dlfru««r 

md *ffn:l<5 r«quir» • ansorter oT exit dactiiiJr fcr 

acB<i7»l*ta rmcov&trj. 
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c; ’ tiA?l 

A* iHicfc L >voftuIcg3 « 

’!*h« aircr'iif t d«al ftn&r baa cfK?ico of •mny 
differont locatlona for bis <»rijrin« »ir l2U.«fc, ISjalted, 
of coiirae, by th© anfjina IcK>atloa ^Ich muy htn 
1, in tha fuaaln/;:#* 

FartinOLly in fuseluga#, 

3* GtiJsE«i''^»d In til© wl:y root. 

1^. Located in a nRColle in tm vi%u^ struotitre. 
5* Located in a nacolle Bur)>Drt«<i by & pylon 
fraa the »in§ ©trnctura* 

air Inlet ?«ay be located at a sta^aatioa point in 
the rio* about ciic airplane, or r.ay be of the »eoop 
type, al i«. or wltiiout boundary layer ontroi, or it 
Tsmy be a t'lneh typo opHanlnt" in lb© Caaelaj:©. ’"be choice 
of dotal i» o coj^’rosaiae betv^n ’nternal floe conai* 
derotiona, extern#! drat oneidcratioas, end structural 
cone i dera tl oris « 

The j3te^yietloii point inlet has ’lie adrcnfceire of 
r^ivint a tfood ^el^cit/ diatributlon ecroee the inlet 
face eit^out artifiolal flow control. 'nan Uj« at*g- 
nati^an point la ao«© of the fiiselate, however, l:-arr 
cHr^te »re rwruir’*e lead . 1*10 flos bac4 to t**e «o*Ine. 
At a*5ir« differ»ntlal be twwwc. the 
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utid rmt<X4« of Vlit cs ret ’ ly 

c oils wruot^d ducts wit!! ♦oil w»«.led jalntn to 

rus«ls .^0 «?•»€♦ Is s*cririos<* t.*' *• »« 
d»»etlnr:, «nd bszi^s in dust.’n«; sr« j>«r ' 

to ‘^ulds t^ws fXotf around obstr-sctlon# • 

In Installations, wha U’ond li t5 

locata fi*v* jet «aRims In oi* a» 4 >“Oi'ta-d f}*nB% tno alts^n. 
this tjp« of Install tion p-r»lts sta^t^^tlon 

poiat sir inlat ducta witt s’-sort dirf»isara rajnimd 
tmesLx^e of apse® iisitatlons. ,«piaielov!i r-n*:Io« ersatsr 
tha»\ optlmr^ ^7 b« roqulrod, Addltlmal problem *i»« 
•;l»o prs««nt» ^or sij^jarsonlc lano daslms tna 
of ths shoek siiTa, oai*iji;ln&tln» at %hm r^joh , on 

t'«s ahead of the air Inlet f^uat bs consldarasf, and 

iiay Halt the ©rvine location* Th« s'iock wave fonsin^ 
•kead of tho air Irxlat duct itself alll undoubtedly^ in« 
riiianoa t^i» flow over the Ttnf of • l*s pl&ri®, did aaj 
aausd such a loss in the w,ln(5 perfoz^ssanca tb^t s«ich « 
conf i*hiratlon would not p»*rj»ls8ible* .^or subsonic 
floors caro auat ba t#Wa« inhars several sir iiHeta ai^ 
adjscarxfc that t.he flow into one dsiot does not efrect 
t*ia valoalty distribution acroa* tfte fmce nf anofeiser, 
or e*JS# thjn critical vsek t»bap of to be 

lowsr*»d* 

fNa scoop »/!?•■ inlst h«*s voi-^citt diatr^i**'- 

tion acFi«aa ^ ffc^co of duetbsc^uso It is le< tod 
nskst w) 4» S'^rfoco *^,ero a bo’sndar^ la/»r asl^aa* "rio 
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velocity distribution 6 j boundary l^fer 

bleed# at duct entr#rca c >*vUtlo«» cc-^P'-rable 

to tha stagnation point Inlet eyla^t. T»*i« added f#at«r*e 
of ttie bounuaTj l&yar bleed «*r*d Its control add to tii© 
daai#^ co^i'-lezlty, howavar, ’•or scoop inlet# to an 
andlna #ub*aitrrr»d in ’.ha iiiealM^t tha flo» «niat nc9oti#.t© 
t^sfo trjjnin and join in a Y-duct at tl»© cc»?>ro.isor er.tr«r-ce 
in rao^t liiatancas, Tni# probla® I* not uniqii# to th© 
ac^)f> typo of inlat, thcKi#;^i. desi-tna wit:t tiio inlet 

ill til# '-esc or Uia ru««la-”e h»vt? # aimilcr c xifis^ ra- 
ti csn. ^Jiero tZi® ductini^ la divided at tna no«e of tin 
airnlftiie, and t'se duct# .foll-e Vie aide# or Uia fuat^la*# 
and :»eet at tlie »!:i(5ine entrs^ee^ 

The scoop type of inlet ha« advantai^e# a,l#o. 
door ter leii^tb# of dtictin?^ are r»c,ulred ehiei-i e*an a 
»olr-.it saving end reduce ^probability of lesOica's^e 
lose* i-f##© fuselar.e spaa# i# r«<’uij*ad fot tbe ductln^^ 
and I'Voved viaibiUty for t'le pilot <lue to aaore desir- 
able noae anapes results, 'or military aircraft better 
arr«*»ent &rr^^^«^l«^t can be obtained t '-ere ic no 

due tin/: la Man noae of the fusel a**e, iiere t/ie acoop 
is lose ted at wlati-fuaelau^e June tire tim »crlticei 
»*ach nwetl^r of Vila «ectlc*d otfi b# i’aprovad, 
particia&r point is also a acasree of dr^c »liich miQr be 
reduced coneiderabr/ b/ Ujg Inlet aod exit tia-st loo*si'>n 
thei*e , 

Iltui Uie c^lQif of supersenic Me<ie ..•ela,aa #ev«.ral 
ax*epl<»» o"' > '*lu*h type of elr <ii»ct lAvo 
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Tne Tluaii l«c*t*d i.t ao^® 

oa ih® fusclii^® «»ci»Arico« rma e>^v>2^#»lon aiiaad of tim 
eSr inl»t «»id hAt «n ©atrenc* velocity dlatrib •tio*! 
proble^jf bat th® ii! result Irur dr&< «ttd. 

effect Qci lii» flow &r!Riad tiw f^jseiar© contoiir •^j»t 
offer *re^ter beaeflts then the reduced nsrfor-isace <d»« 

to ras reaovtr/« 

?>‘e Inlet diicte «ni*©r distsueei on &ro !»sfiia si r 
iiiiet tlsiCtg for hiijtU icpeed opei'«tlon* S-tw? airoraTt 
tiave ©.ixillary elr Ir-Otel <J«:cv8 for low • 4 >eo 4 oporcttion 
eod tafc.o-off eoniUttoa*, At low vpttmiis the velocity 
rotlo 1« so hhrp. that dif fuser pcrfoi-^nee Muffors, 
recovery I* rsfot of -?raeh si'^nlficence at thofte Jem 
Si^eda, snd »o fe auxiliary air ialeta provide a »eana 

of "ettlns « lAi^e voltjm« at air to feiae orsutne In the 

quloiceat possible f armer, ’^eao a^jxlliary dc-icta are 
usually jsprin'^ loaded doors o^enli^g' directly into the 
pleads e.^*^ber $t i'le coifs'* e*«or ea trance. » hon tiie 
pre*»j.re In the plen*s» caa?.b«.r ie below atwo»p;e A'le tit# 
»u:R:lller 7 air lalet open®; •hen preasuro ^^ets up t© 
at»3«phorIc tl**e siailiary aii‘ Irilet cloaes du© to Utm 
•prin:; actiyi, and a flush exterior mxrxacti rea»it8, 

T>M5 cnslce of air inlet iSttet location la scb'ect 
to "•ay c^ronrisos. It Wu3e i» li%ioeaible to r eecti 
^ daflnlte emclealon ea to wiiich is uwroaef*vedly bettwr 
t>jAn exi. c>tf«er. rweert Airplar*© deei^M #^ow a fimai 
vwrletf inlet loeetions rr.e t^pee of ■itra^e#^ 



s of /*art lCvaci' *n3t^>c®a will be dl»o 

let-r. It «:tv’*i.r3 tfift in a-mm -hm I'jcMon of 

tl'ko msti'9^x:o d'K^t ^e.8 e rre tlt of '.‘je ffiiPfrtsne c<xifl«‘'**- 
iTj ot'Mi* case# it #0'il4 t)ist 'Uie elrriw?!® 

Cv^ifiwatlon r««..lted from « choice In the ioc«ttiori of 
ftlr entrance duct. In Ui« flitrire it I« believed 
that latter a r*^o*teh will b» *^ore prevalent, 

K* Arcfe '^taios *r^ , irfuaor 
If a diffuser exit riech ri’jnbf-r 1» as» iTHsd, Uie 
required area ratio to dt>tain It c&n bo co«sf3uted for 
varloui entrsyne© 'weeh jri’cabcr* end dlffnaer effidcnclea. 
An exit wtsch nusnber of 0,3 '*111 b# a?-«4%ed, which 1» Q 
rees enable value for tJi« airflow to be aupplied to Uio 
oo^preaaor, * ren?^® of entranoe ?wj5ch mimbora fron 0*3 
to 1.0 will be lnv©sti,iated, »aah mi«ib«re i^r®“t«r ttian 
on® will not occur In the diffuser becauaa It la rrofer- 
abl® t:> >iavo tha shock wave located oufcatde tti# dlf^'»»r, 
Inatead of dXffuaer efriciency the variation of area 
ratio and diffuaer la«i;Ui with total pressure ratio, 
which la a measure of diffuaer efflcloncy, will be 
invoafci'’^at»d, 

Plrat, th& «r«« ratio necese^y to accelerate a 
flow lean tropically fro*i Its pr»fc«nt each niawber to & 
weeh /usmoer of om can be detersained frcps ccntlr>-ilty 
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If • .* ''f*oc«fjs« Is i»oatr,>p.tc, ^ >.2* 

# /jt ^ -T-tX k -2 .'^X , 
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If -•< ronosa is sdi^bb^’tic, b,.t rson-issrstpopic 
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‘TTiu re^r^lr«<3 *.j*se ratios t - occ jc«plish c-jf >ros»ion to 
sn #xlt «co r^o^ber of '^•3 •itraftee 

R^a«b*rfl and tot«.l .Tesstra ratio# »r"» £..-ssf> Ir -i;r, li 

if « cosilesl •Itii s <ivsr';;dne* s:i-?Xs **^r 

■ is %rtn r«s It ^irru«sr X#m»tn 1 a 

f of t-^e flow to bo t-ae fcj^ 

ritl*;« '.«vlo«*al/ •letorrinsd. 
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t. * bJL£EE^-z.ii 

t&n 

17 sho»« U» vaPl»tlon x^f {Jlffuifter X«ar;th »lUi 
dlfr«r»r.t v«slu«a of the rel^ht flow pireeetor* **n»4 total 
pi*««.*iira r-Atloe for v riou» ♦ntri.rKse •wch 

>*i“ux^e 1'.' reveal* tbi-t relatS-inilsr »5i«ll strs-fe r»tlo« 
will r*<«»uce «ri;? e^' acted dlffu»«r ar»n*snca w«.di nxj»*b4»r 
to «n «xit 'u-ch n?J35!^er of 0*3, aTaii "ith Injrga Intarr**! 

1j5 Ui« dir u»ar, I»«rf:a losaas in th© 

dxrfi?»a2* aj’e not to t?o a3C;>®ctad, howet■•^?r, islth *uri\ 
ar*a i*satioa. 3 ahowj* hl*;h «n i«-t«nel»a 

ticlth «r»A 2*»'tio«, ftS3<? • diffuser cU>/*«r vn-i® 

n>f 6 to d*iC* 

Xn 1 ? th» #r?'cat of i«jo T»r%j0r *r<i 

rX'>tf upon tha diriuaar Imfjtii o«n bn *m 

«3Llt rjM^#2<jr of *- *3 and A dlf/usar dlwrr»no% -• .1® 

of 3 It is intareatiia^' to ^loSw* l£*^ 




mtrfVk 4 MW rcbM «|M 

4M tl *414 m 



Urn diffuser 



dlffus^p length not jccur 

entraaco «fich rxi»t5«r, but ©ccairs «t an «ntr«rx« f-f-cb 
nt:^b«r of feboMt Thl« !■ ;Tu« to tl2» Ji»®il eh#JT5^« 

in urea r^-^uireja «.t ht£A enfci*Rnco «»ch 

nvmbmr% in cosKpariftcari to thf» C'»«n 7 « in entru-is'^ »r»a 
x'or'ujLr^d to ‘•alnfc&ln thm rivan •»i9:ht flow* to 

b» dlfr»U5sr length lr^r«es«s vlUx incroaaod 

•wjso flow nfitl dccx*«a*#4 diiTu»«r efilelimc/* 

r.ti«t.h«y difiVsidr X«»i^ths iu*o tolwra‘:)l« d©~ 

ur>< 5 «% the engino location luni thss alF.e of the elr- 
plars#* y'or sxt «n^;;iii^ located in t!:» rueelft^e, t»?id wltii 
th« ^Iffucer <K\tP*mo located in oopo, it 1* hardly 
liiwly that auch diffuaor lonjctna «Mild be critical oven 
with largo weight fiowa* T)ic woif^hfc flow of liJO .ound# 
of olr p-'i second, cslnc fm thxvaib rul« that on© i>owod 
of air par aocond corr«e*-o 2 nl« to 50 pound* of thruat, 
would Vj# t.i© e«uivel«nt of a 7»50o pound thruat \Kiit* 
gor «k£i «p.g:lm inatallction in tii* win*-, oi' in a pylon 
attach<x4 to t/io wing, *nc,o dlffiascr lengths *» have been 
calculated «ight be i»^pi*fectical . 7hew* lenj^tk* c -ol^ 
bo dosreoced by increaaio!* the div»r;;ence nnCLe, utat 
reduced diffuwer ^iwrfomanc't c^id expected since 
in# dlv«r«^enco angle used in r«»^»p^ut«tion« io ja*t 
«bent V~m f-uch ^roblts^e, loww-t^r, should b« 

considwi:'^ in »electio*\ of an eat^lne its 
Inatellutlcs;^* 
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L* of rcttio on ^ ^StvaoT , 

Voloalty ratio in d«rin«s4i aa thm ratio of 
diffuser n^trnzuiQ Tclo'*lty to ti« free stream volc»city 
of the ti.lrflo», ***or •ubaonic flo«» %fCh hnn dotorwlned 
ex|>erl--«uteil.y that this ratio ahoultl fee € thin *gtf 
rcaji^e of 0»3 to 0,6 for apllrnw^ parfor-asioo • It n>ms 
foouA that 6t very lo« velocity ratios trie floe tandad 
to aeparato frcw the oufcslc© lip of the diffuser md 
iacra*B« the ftxt©r;val Crnsi of tha or.f>:iii« raceile, /t 
hlr:l>»r vsloelty ratio* tha flow tended to to fro*»^ 

the dl ffus-ar vali and tli® ’aroisur# r«coveiv diff4»*cr 
afficift'TKiy docrwaced, 

f>j» vol s3^ flow throug':! a t’ar*boj©t teiid* to ro*ain 
constant for a j^ivon or^Snm and »<>, *t a>tf o»e 

ni'dit velocity, th« raquirod Inlet are* for * dlffuawr 
is • Amction of the valoclty retie, 

*x ’ 

Ther«fca*«# « bif'-er entrance are* Is required for low 
velocity ratios then for hi^*h velocity ratios, 

flight vslocitl** (greeter diffuser in- 

let velocity e street tube %hofw! of fie difsueor iiUet 
atart* eX' »i5dix3u‘j, Hie flow val jelty in 1*30 tube 

Is decelereted to f »(» «i©»lred lolet velioXty la 
nrocees ie c 5*^twee*ecJ isent^roplreily , 



r 



m 









'4 

















A 






ni4 























r 










t 



>• 



«' 




4 4V 



I 








4lMA 







N 




65 




At tVv# Icjfcfjr velocity or® of thft co.-;«*«s»i'»n l« 

ecco«%>ll»bfd t3Utffl5.de t?K at hl£?t<si* veio- 

- elt7 ratXv>»* 

&lno® '< 3 cr-.^re®»lon th* diffuser im 

plls «l fflt !$rmmt 9 V ©fflclenoy ibrn cowjJ^resslon in 
dirjTu«»r, l:. vo<tla s*«* to bo 5oro practlaiil tj> k*ep 
tn»e velocity «iilo &» lo« as tocalble* it 

5 t«uia be noted thet cis fiaa a ..roaoi«ie th# .ilfrueer 
©ntx^arice it has ft velocltf corponent nor-ial the diffu- 
ser axis* T;ii» Is eq’alvftlont to ineroasltw. the le of 
&XtAck of the dif'^user lip in «h© air ctrecsu At very 
loe velocity ratios the dlfnuoer lip stall* i.nd ih& Horn 
»«par»te# fra» the outside surface of the diffuser In- 
creasiofu; the <ira^ of t *e nseelle* ^'oi* this reason, a 
ia»^r liTsit of p#r«i«»lblG velocity ratios i# a stabiisiioe. 

At tnft higher v«l >olty ratios ore of the cc.-^i'es* 
»lo«5 ttust m ftacion-pllafttd In • h* cir falser. *«t' toe 

of diffuser e-i^ exit v«*locity Urn rro »%are ;“:radler»3 
Is 'r^'i tar, ^ n»,t the dar>.'sr of flow sersratlon 

f !»’'*» *eli of thft diffuser 1« j.i3cr if t^e 

of the -’ifr^ser is Incr^eaed to j-r»it 
■iree“ ••)!'■•» :jr»*jiIeot. ae co»-dd be obte’ued e;t t'30 lo*»er 
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velocity r-at^o, l«4y«T jfi« » dl»« 

tanc« In which fco ■^row tr^icker# 4»t4wr*tlon oi* flo» 1» 
Also ft r u.Jction oJf h® boundary iB:i®r fehie*.n®«s* :n 
vldw of Uii®©e rasaona i:i« :i;,*r>er Halt on vksairablo 
velocity r*tio8 !• aatikbliahad* 



i* Vtr.lsSl >n sL y«Xc^..l.tX r»tXo »it!» ESiEs o£ 2JS£»Si2S» 
jaco til® ;?«")»« tiv of ^ diffaaar h£s bwm «sti5.biimi«d 
ror doairebl* operation at a ptjpttcivier' design o'*.:ditSon, 
t:i© velocity ratio will very with doper turo from the 
deaifn ^«oixit. 



re 



»1 Q 

Vo = Vx.i 



r^xl* •'q;\iation Indicatca that th« veHcity ratio Vi-rloa 
Invariely as t:wp fli,rht raech miiabor ana the ecjuero rjot 
of tl^se a®abi«nt fc®y.paratai*e • It alsu varies directly 
with the vcjl't'*® of airflow* ?'wrticularly critical 
era atstlo a»icl ta^e-ofr oon«3ltlo<ne. At tow 

• tatic tnrust cofuUtlon th© velocity ratio la Infinite, 
Sxid at talre-*off vel'-eity tij® velocity ratio is canaidwr- 
ably fre&ter than oim for an ontreic© duct daaigned for 
afflclaat operation at hi«h ©peed, w*l#8f aaxlllar> air 
inlata era v.r>->vid©d into tfeia c>-,w!vb«r* 



£* fi f ct p.f eu;T»orao»;iic 8T?e©d ^ v»l iclty ratio * 

At s -p©r» lie a*^ea4a wltU a af*oo*c v^w© •.Ibaucl of 
tti« •ii' '’'<s«r erstr* ice, tii© valywt j«T wtv4 
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iu Ui4 of ratio tro t >? ;**rr<‘ 



* c.Mi/.«itlofia i««-*e<li^t«l/ roljwc?»in“» /iv »ho^>r «r %«* 



. tb»r v?*l\ie» Wv3til4 h&va little si*riiric«r*c6* ' Iti&i it 
is as* -md timt a ncrml shock occurs in ’hs 

2 **<ftion of flo* t2ir?5Virli which Uw* stream tuba 
thn dlffuaer passes, th» c*>n<^ittons dlstoly folloaisr 
the S‘K>cir ere unlfor*-* •hstlisr or not tho iJjclts for 
rsloclty ratio stiichheve bsen sstabllsiiad for subsonic 
flo» are a>‘ • icsbis is a <|ua*tion of rpp«»t i»portcnco, 
Aithoo-ih tha sfcrca* velocity’ diroctl/ aJ'^cad of. the diffu- 
ser inlet Is aobsonic, t!» adjaasiit flc^a is not* Vh* 
velocities in the region 4.b-.vat di-f^nnufr «nt 2 H»ncs 
are of s^sas jrach eosipXicatod p«tt-»rn &s onown« 



Lo« vslocity ratios will -^ve tne os it ion of the s"*ock 
Kcve to p^eatar dist&ricoa fro"* li* diffiissr l*“d.et, 
effect of this position of ’«h© s^ioc-*'. » uv© o£i t:\4 r-c«lle 
dra"?'j and the ©xiict rc^eltlc. of s»'*oc^ »*vs is i^iot 
’^no«- 5 * It •oaia s*'4ti- likely that iKJsl Uo^Jln,T the «hoc-c 
wave crfi ^la ilffuser lip a velocity ratio of «»na 

• xtl'J cs-ase t 5^ ioi^t clr*p* 
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flo«r field be nlc , Lad “U>a Intes'nal fie« 

eubeonio. Of coijree, ttila eoulJ roci^lre a 
tfifie af fc'ie T'ee.^iiro recovery te \m effected bj thm diffu- 
«»r, arid difriiser erficloncr decrees®# *ith Uici‘e»»ed 
der'aads wr.on ibe diffuser* * further ccseplicetiofi irrU’o- 
d’ioed bj positioning^ the «.K>cifc on the diffuser lip i» 
t>i© effect on -h® bc'.tndazT' isyer* 

t'lw decelerstioTi of flow thi'o-u^h a wav® i» 

®cc'S>*j>lis/j®d with. «o»e degree of turbulevoc® ©ccoia^tln^ 
for Uie e.^kt-ropy iucrees® t*irou-j;'i tijsi sL..o®k* with a 
t^etactied shook this Uirbulenc® ierale to be da-^'.ed oat 
in t5iie fr«© strode? flow* If th® «joo« is poaiiionod 
oil tfi® diffuser lip, bvi ensnijv; turbulonee is trans- 
mit ted to who boundary layer, to the throat of the 

diffuser t!.ar# ia a favorable ne^^tive pressure gradient 
terulloit to da-wp ttw> Uirbulonce, ®n.d «»fcfcbl,leh la*alnar 
flow C’»*wJltion* in the boundary l*^®r* This favorable 
rar-ion. is of very aaort le!\'th, however, «ad the turbu- 
lence '*-«y carry over into the mTavorabl® noaltlv® 

'jwasur® rradlfjnt region In the dlrerijeist pai-t of tltse 
dlffii<e®r, and haeten flow weparatlon, seriously •front- 
inf;; the diffuser afrieienc^ * This be t'^oroa^r ily 

Invoett^a t«d* 

w© are confr'sntad wl fcr. •; al*,uati ”3»'i eier® e 

decialon t oe aa to waich ie .••« i»->re crlt^lcal 

faet4r, Ut® {.owerpIa.nt porferfamoe er d*a aerotfyae^.lc 

perrarwMtnco of tb# eirpla*-ie. 



©fore a •^eelelon ceai »je 
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r»lc^^;7_ 

Ji* ”ftcr!soti^:r of the 

T>\9 first ciaaid^ratlon in ths design of « dlffuaei* 
Is Its sise and © »sp«, fh« sia» is c»;ssri trolled by the 
desired of sirfloe tnrou ;h Ui« diffuser, end Ite 

»hf£4i;»e by th« desired ctisrectaristies of tti© internal 
flow* An iaflnlto nuneer ot ah&pm» and si see could bo 
c 'Jisidered, out for prsctlosl r^ssems cmly one confi*na- 
ration will to analyaed* It is hoped that tJ: 4 © «ethoc1 
of analysis used will be s,rpllcsble to other desij;ns 
Witt, neoesofiry wodif ioeticrui* 

f repreaentetlvo eodorn turbo-jet orwrino develops 
ii,0'„O pounds of static tiirusfc with aii alrfioi* of 73 
roui'ids of atr per second* Tiio ca'.preesor of tills srA^ne 
will c dcw*ii^ s c^wwiiriint valiaew ef i^tp foi' e civen eiixine 
speed, •‘he turbo-jet wni^ltwi is cii&rec tori sod by Ivlar, 
Its best eri\->r'4Anee at Its desiejn engine speed rileh 
Is I'Xi per oe*3t ’(fi*. The volJBwitrIc capacity of i-l>e 
^iven oft^iijft can then be oeiculsted Vrm the contlxiuity 
•(juation, fehd the •’ If fuser will be d«el<rfr«ed accordln^rly* 
T>io density ot the enterinf •trfloe will be ssetswid to 
be tBst of ti'.e standard sss level stcosjp>iuir«» 

w » fs? « 73 lb./*«c* 
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s ^ ® m cu* 

f • ■ • 

w « ««irAt flow, lb./aw«. 

, s ^3ilJTS» i'low, O'i. ft*/»ec. 

A * ci*€j««-aectlonal wr*<i of ri'»w, s<?« f, 

V • fl.>w i?«locity, ft,/»«c. 

? a specific welfiht of fluid, lb,/cu,ft, 

Tho Ihrwa critic*! d<^»ijcn eondifelyis of a tvtrix)- 
J*t powered airplane ftr© tJi« static thrust 
uaso— of’' Slid nmxiiauJW spew'd* Tp tne first two condition* 

• diffMser is of little use, *»4 it would be better if 

device was used to bypass tn* dlff »«er» Tiws cunei- 
tion of iwatlMi speed, .-.oewf-'r, I*- the paint at wbich 
dlffu. 5 <»r p«*rf ur'*siic© 1* <i»»ir«d* opera tinv 

coadltlozi of th 0 diffnaer is then d«cid*»d upon, hir 
selection i* « filnnt vach n .r»b*r of i,^^ «t 4^,0C0 
fwet elilttidc, 

fliS diffuser will be conical witii * roumSed «ntri*’>ce 
lip to rwduco antra ic© losims. The w«i ocity ratio 
desired i» 0.6. for flight »■ «ch n^bera groi tor than 
on* a datash«d nornial s «ceii will occur alia ad of 
diffusar, «na the total rroucare l-»» acccrtpari^lrwf t iia 
ahock will »2« acewptod* -horo abac*? occ *r», tim fl'-** 
»tr»*« velocity foil wlr^, tow •hock wll^ b« uwod to 
dwtvrmim Ui* salacity ratio of •llfrimmrm 
vwlocit/ of flow fr'y» ‘be ••jsLlt ot the dlff x9»v wil*! 



tt*> t coeTw © 1 * 0^1 l2»*i to a Tkuwtswgr’ of 0*3* 
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lnfor*s^tlori difCvis^r ce“ la i«t«r- 

t>h«t c o-'i*. i fclofiji thw 9hocj«i Ti'ant 

to be 4et®mlE«d, ‘•he Initial cj>noltloaa for the 
aUAiera ytmo90h9Po, aiV! tb4 conditians ecroas the, nai-ai 
asiock are foTtnd io Table lj.3* Xt t>Ken Reo^aated 

ti^iet the floe la aXoTued isentror-lcol i;y fpoe. %.:*& free 
8tr«e« coh-iXtion to th© condition at tfi*# ciifruser eri- 
tPflifiOe* * hie '^Ivee the folij^wln-' oondltloxys* 





J 


T 


fe'-ft/aec 


. p«lb/rt^ 


SlilTJo/f 


X 


1.5 


392.1 


970.7 


391.9 


- - ■ ^ ^ 

*ooo5\? 


x/x 




1.320 




2*.’|53 




1 


.7011 


51 


1117.? 


960.5 





station 


% 




V 


y 


. 7^11 


.733 


733.6 


1 


.1^09 


.V 40 


ft70 



a - velocity of to wad , ft,/« 0 c. 
p • ftatic px*et«i;ro, Xb^/aq.ft, 
^ • static tO'.per* tare, de^r. <. 
' - jaach ’2. 1 her, V/e. 

X - corw-ltio»i before s»e vh-o<-5!:, 
y - condition iifter the ohocii, 

1 - '11^ «ii«r»rice. 
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2 - 

3 - diffuser ejrit. 

• - roferc'UJ© «tet« -•ci It* «me* 

i’jioslng t^’ie velocity «t the e^atr«.oc« of tlie 
2 «r, «^yki inoelnf the voiun© re to of flow the area of 
the diffvtser entrance can b« calc'ilatod* 



w*»s calculated Trow Tfble 30 of the Tables'’, 

‘tnonin?* the desired exit i«ach nuaber, *.iid 6»s?>i«lnjr an 
isontropic process . This aseuaptloa will be corrected 
later to all- » for the feet tli#> t t/i® rrocesa will not 
b© i»*n tropic# Sext, situ a contraction ratio of l.liii 
b*? tween the diffuser «ntr*-nce tiid throat, araS roumiijaf^ 
t m ©;4tr*.nce lip, «vhe «»Ech n.i3jb©r at tli* throat «r»w 
found to uo 0,^1, tiiroftt area •* 1.71 sr. ft., throat 
di&EM»fcer - 17.75 in. A dlver.'.esyco en'tle of deij. fr'at 
tie tcroat tj t>.i» exit was ers’^^ed, aa<* f'e dirr**»er 
lorjfth Jwter^in-d, fi« dinenaioa# -^f dlffueer •»'« 
n‘Wi .nown '-nd the ahsp« i» •• s -oan in tHa acc»-.'xep<uij lu- 



Vi * h»6 X Vy « 14.70 ft./oec. 




Dx » ft. « 19 . '75 in. 




P3 s I.B3 ft. = 21.95 in* 



f I*SiJ «, 



•*,»• ({» 

* jri -ii ^ J • 1^ 

^ ^ 
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r 

jLm 



1 7^75 

X sin 



• 30.1 in. 



oi Intisri^X dljL2E* 

"•ow thvt th« -*«-3a«t3rj of tlw dir‘ us«5r n«.r. to«n 
d*tnr^lniidf t'm chapactcr oT t'v* iatsmal riow c&n b« 
dotsminyHS for tti'sj i^lven condition of Infljw. r^is 
voi'^^rate of flosr fOiS* tbo dosC^% operotinrs condition 
of tix9t engine has been c6lcul.»tad^ •md Urn veloclt>' at 
th- diffuser entr&ixaex has been establiaJ^ed. 111 ® coa»- 
presslon or e:span»lon of the floe fro* the free strsius 
condition to the condition at tiie diffuser entrance has 
been ees seed to be an isentropic proceec, except ecroes 
t^ie shoc«r front when 8\ich occurs. ’The co- presalon of 
the flow within the diffuser li 11 also be assumed to be 
i sea tropic, and w*i»n the diffuser losses hove been do- 
tex^ined, -ho geometry of ttie -iiffjs«»r will be corrected 
eccordlnfly to allow for Tarlatloo fro* the iaexitro. ic 
condition. 

chsrscter of tf*<e internal flu® ca'i be deter- 
«i?ie<S Vraro I’eble 30 of Uis Oas Tables, end tie resulting 
flow for t*i« dr-aicr. operating co*%dltlon of a fUrtfc aiaco 
number of 1,5 at 4Q,0^0 feet altltad* is cnown in fabl® 
I, and »’isr. 20. 



Ji* ^gparstio^i of teeinsr • low * 

Siriee • dlffsser in a free str*a. ha* a bamncJiiry 
l»y«r of xero t4ic<nes* •!; Uie * t*gnatXo*« ••oint of the 
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?1 

flow, and since U4# roatidad li-> h- s t \e af* wet 



of oroducin:; t» fevs/*U)le nr^r*iir«ji vrodle^^t up to tho 
-;olat of Uto diffuser fciroat, ^ initial boiind^ry Xe^fer 
In fcha onlrKnce of the diff'^»«r ft 11 t>« lejuinar^ r>ie 
to tae «''ver«» fr^^eeure {gradient in the diwr^in^ ,»rt 
of ti#o difruser, however, this Iwninar boundary layer 
will fep«-ret«, there ^ II be e treneltion sciie, sm’ trien 
e turlvilent botxndary Icy^r will establish itself If tl»e 
pressure s^rftdlent is not too 'reat, •he ^olnt of sepa- 
ration of *ao laciinar boundary layer can be determined 
by «»tr*od of «f, 10, previously wo^itioncd* 

••o dP 

Velocity i^radient « F * 2~rT~4 — ^ 



«o * *1 »2 



31 * 0.3?6 «m 



—0 • i6li 



Si - 0,37^ 3 c 1,91 X « i.iq$ in, 



sp « 0 

S l.io*; la. 

p» * -.523 

^ » .C&'iJIt 
ds 

P « -. 0-41 

(?^o« Fiy^ -^1 

Vg * 5^3*9 ft ./sec# at x/e « #1325 
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Aft«r ^^o aepem^ion of tha boundary Itjyer, 

thar« ex.l«t« « tran«it;ion region In which flow In 
th« boundar;, Ity^r Is n«ith«r Issninax* nor turbulent* 
v*f* 11 erivmm this lenejth imjj 



jc/c * 



70,000 

c 



V 



For the pertlcalar condition under inveatigfition sepe- 
retion occnrrod xtfc 3t/c * al32S* w^'siro tne rollowin<[j con» 
dltions existed; 



Vg s 5 !^ 3»9 ft*/soc* 
a “ 32.05 in, 

.000297 

l«ngth = x/c » .01 ;; 05 

r-ila livVlc»fco8 Uiat turbulent flow is ©8fcebli»h<»d soon 
after letlnsr *opsrRtion at x/c - .114.66, 



S* ^epn^fctloTl of the *urbuleint *' oundsry Layer . 

The po8*slbillty of ««per»tlon of tlie turbulent 
bo'.tnfisr^ Ityer wes investigated by tlie wofchod of von 
roeiinhoff end Totervin described in --ef* 12, ond la-*®- 
vlously discussed. Since It wet ToaotS th*t l^alnsr 
separstloii would occur very »o>n after the t^oir pro* 
pressed into th* rsx^lcn of poaltlv»» pre-*-J3r« -^.redient, 
it believed tk»t it should uc •» Usfactor.; to ao^« 
tu,rbal**nt bo*ind*ry sc* estebllel'ied rt th’- r,4roat 
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jHlfc. • i^• • ^«ii 

m imn •mtmmi* «Ma «MMf««l'aM 
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r m 



of axrru««r* An .InltXftX vt uo of th# » ?•}!*«"•- 

aote 3 ? was *s l*?-36 b— Ci'j®® at t**© tiipoat t..ia 

prd9i9ur« »o'-i.ld b« volua of 

^{snentaci t’nicvaj©*»> S, w«« co«put«d in tt» folio# liii" 
tnts^iiier. T?^ boundej?/ l»y»r I’llcmiass at the \ 5 hi*o«t 



«<jc^:iutod, «*ad uain^ the randfcl - '’laaiug e<i«#tion, 
which •«« prevloii«i7 given, for t-he xaloclty distribu- 
.tlon in t\m bcundsr^ i&jrer, the ».c*»estnKi thickneas of 
the boundery layer waa cooi.?ut«d. “riia po’^entimi thick- 
ness does not chan'^c shen there Is a transition froe 
Ittsinar to tTirbulecit flow in -he boundary lijyer, and so 
tbia value Is Sv:itabl© for the initial moeent'vo thlcJcaasa 
of the turbulent boundary layer. 
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[57435. X 10*'' -X J .A25.. 


5»2^ 


Il.:05 X H-3 X 531 X 12 



,001135 ft. 



-y • ^ 

/ 

^ = 4 7 (1 - <sr 



■ llB^ = .0301 sJj- ft. 



« . 15 = 

• V 3 * 10-^1 



The iaitiei boundcry lAj<e.r e indltioa-s neve ^en estab- 

• nd the ct* ut*«tion for ■prowth of Uia turU**« 
l^nt t'otm.if'.ry layer is a town ta il-» '"X. rrom ttie 
co"*‘utt*tious it epi»««rs inet WtUi- / layer will f^ot 

aepara te , 
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'Kt=» dl»plac^«nt file" 04 » a of the bo la.i^r 

at th« exit of t’le dtf.r-‘»«r o#? Im dct-^r.ilnsd fro4 tho 
raletlon batweoa It, Ch© *^*Ickn©«a and tn© 8.*^i«pe 

periaReter . 

^ _ dinplficmwmnt tnlcknaas 

momeiitias tfilcknoss 

Di*?l&ce-««nt thicknoae a X.^06 x .OOl^Ol • •0::'G35i*t* 
Th* ifcxlt dia 3 «t«r of tiie dlfruser «ft 11 h- tro to b« In- 
C 2 *e*»ed hy twic© th« displJice^nt tUictoioa* to allow for 
tb« thicknos* of Uie boundary’ l*- 7 ®r* 



b* y^ln rrt©tion » 



7bo ik in frlctloti In ilio diff aaar will cause a 
presaura los« which can b© calculated fro* fi© follow- 
ing equation which wa» developed ear* Her { 



in^ = . f S 6 SS <5(*/e) 

pj /o 2q p 



The sKin friction coefficient wa* detemined aa pr»viouel» 
#xploined« The preeaure lose equati/wi con. be icrat»hi- 
cally ijategrafcod, A plot of thn integrand la ahown in 
#ia. 21, The fp*aphlcal Inte-^rettoa yield* th© follow- 



in' reault: 





1*0025 



p£ - p| » 3.33 

The»e ccrj’»ut» tiono ehow the lo*e d^ie tro tPictXon to be 
T9i'^S aieell wnlc** *i:7;ht nave 'd^mr euapect^d ©itfl rwoh « 
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?inc« t'lls w»« th» 



aiaalX h/V ratio t-» duct 
ooly loss wHlch c^-ul-5 %• attributed to Ui« i.nt#rml 
flow In the th# «xit ares of tiws diffueer 

ba incr«s»od by a factor of l»tX!?SS to achlava t^.a '*#- 
sij*ad ©rlt eonditlona, 

«a h^re bean ®bl« to rr^km csti»at©» of tho s'^-odk 
lo»a# tJta aaparetiosi less aad the friction 1ob» in a 
typl«f*l diffuser. i or the pfcrticulcr conf i;?uraUon 
chosan, It was foiind that e\o <>'rea.na:»a io«a aoroe* t-h» 
80 ock wave waa considerable, but was ac«<«paoiad by a 
cca»»id«rabXe prossxiro recovery, rsnd spaed deereas# which 
fscllittttod the woric of further corjpresaion. Xt was 
found that separation did not occur for the [articular 
geowetric confirjuration selected^ and Use expansion 
loss was non-exlatent. Tlie Ice a dJie to f rictlon was 
vei'y sr-.all because of the short of dif fuser re- 

quired. fhirther frictional losses In tit© ductint l!*e- 
tween the exit of the diffuser end the eoupre»»r entrseic 
ere shown in Fig* 22. 

'•he »*©t’\od of obtalnltwr %h» iira««ure loss dti© to 
frlctio’i in tise lenfrth of c^nsta^it area duct between tiv« 
diffuser exit rr«d the entr-ance to the co-spressor was 
the fallowing: 

Cocidltions at diffuser exit. 

ir - 3-V-J ft. /sec. 

P - 1.310 X 10"3 slu«s/ft3 



Q *■ 7 ’)*** Ib./^'^.ft. 



•l 



Ukl 






•13 



f) (^uacorrectod) «• !• ft* 

B»ojidfci*ar I&7«r di*pia€«^nt thickness - *00635 Tt. 
r (eorrseted) - (1.33 ^ (2 t *0'0635)) x U*00r5)^ = 
1.3V3 i"t. 

Hoynolds nisaher - 2*27 x 10^^ 

•riift friction factor, f, for tlio len^Ui of ducttny, 
miS obtained frfjai tiic- oody ooustion tmlch l»j 

f * *0055 U + {20,000 ^ t 

■ ^ 

^ » .00015 ft. 
f = .0125 

A o * f q lA' * *99 ^A> Ib./sQ.ft, 

If we essiiase ea exit length e<?usl to ‘ lire# 
the exit dlaaeter wiilch should essure co*>;pl«te pressur*e 
recovery, then we can %ak« an estl^to of the rae re- 
cov-r> ratio of the diffuser uiider investli^aticMi* 

Total presearo loss <K»e to » he stiocS wave* 

Po * 39i»9 lb*/8q*ft, 

pg » Xk37 Ib./sQ.ft. 

X>§/Px = •'?30 
- p® * 100.> lb./ac;.ft. 

Total press ..re loss due to friction Iti the <*i/f’‘aer* 
* 3.33 lb. /sq.ft. 

Teial p!rw3s ir% loas due tofrirtloo la the aonL^tA'it 
area ti ct folio* tea diffus'^r. 
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Aj> * 2.97 Ib./a-.rt. 



m («fc low 8 Jib«onic iftch m«<sb«!rft. ) 

Ap^ r 3.17 lb. /sq.ft. 

p| » 1* 37 - 1 0.7 -* 3.33 - 3.17 = 1330 lb. /so. ft, 



2*ftcoverT pfitlo * --x 

Po 

.690 



pg ~ pp ^ . 



Po V*37 - 391.9 



It sopesrs thnt tbo i*«b« jMeoTfsry r«tlo of ths chosen 
diffuser configuration is fairly hich, and th^>t Uio prla* 
clpal preasurs loaa occurs t.bz*ouqh th® shock wave. Ho 
attempt wa« lado to assess entrunce loss, yairing: loss, 
tornlnf: loss, loss due to obetructlons, ejrit loss or 
loalca^e loss l>ecau«o tlw>n« er© factors which can be wini- 
atised with proper deslfpi. It wojld appear frcwethia 
analysis that rsas recovery ratio can be kept to a resscsn* 

in<) 

able viCi.oe ©vert t?Aro\jnh a nomai stdck precedes t-he s«x~ 
trance of the flow into the dlffij^cr. 

23 shows tiie rci.»l«tion of velocity ratio with 
flin;iit rta&ch number. /.» is to be ejrpectcd, velocity 
ratio decreasos with Ipcreaala^ fliv,ht ^ch nuiiber up 
to the sonic velocity. XHie to a shock occurring la Uie 
flow ahead of the diffuser, velocity ratio Isjcreeees 
with increasing supersonic vel:>eiti©s 3,lnc« the 

strefnf.th of tse *uocs -a-f the velocity docroaee across 
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Vcloclt/ 



uh« shock increfeso witit ^*c;i n-inhi.r* 

retio incr^tkd9s tlth ni-ht rs^ch ni*r,bcr in« 

crensfts boc&uao of th» vej*lfetion of l^uich member '•1th 
t« .p©rati 2 r«. Temper® turo d«ci'«itiso3 «sth itltitcd©, •onlc 
velocity dsere&ses, laid a lesaei* velo.'ity riv^s 

the sesie *'«ch nijssber, 

PI;?, snows the iricrease of density ratio »ifch 
••ch nnisber • This ratio is sleo s issaaure of 
the «sss flow tiiTough the engine, fhe entrs.jce area 
and entrance velocity are fixed, ^h© for»or is fixed 
duo to diffuser desl«:?n; the letter doe to t.:» engine 
s ^eod and peraiissiblo valiaae floe. The naae flov throufjh 
the engine, therefore, with 0 fixed engine speed varies 
directly with tho floe density e.t tho diffuser enfcrscace, 

I 

'Entrance density increaaes with flit>.t ^ach ntnbcr be- 
esuae of the recovery of rasi pressure ahead of Ifts dirih:- 
scr entrance. The r»<luctioni in entrence density with 
Incressinp altitude is due to the reduced 0»jfoisiit air 
density at altitude. 
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C'iAP'r'Tt VI 






• f5«rec8 « few short ye are tu;o the idea of driyinr 
«n el2»craft with, anything except » propeller would have 
been ocoffod et, now doKens of practical jet prnpellwd 
boabora ? nd fixjhter plane® ere svaileblo. A aurvey of 
the field will reveal « wide variation of entrance duct 
desifms, and air inlet locations. It must \>o i*ammbored, 
however, that t#ie majority oC t-ies© airnianos were de- 
slyjjned for subsonic altnourh several experimen- 

tal designs Sr transonic end supersonic flight ai-Hs also 
»Ye liable* 

Designs ^ch feature fusolago « ti?;ine ins tall as 
are confined to fighter typee. Tiio air enty'-ance dust 
locations vary with the difreront designs* 'xrsiplas of 
the nos© inlet ducto ore the depublic ^-64, the borth 
Aasericen -^-06, the riepubllc X-»-'}l, and the Wcnonnell 
X'^-35» h»>e thing c^ossaon to all these viodels is an sxlal 
flow turbojet engine* 

The ?'-'V 4 had aorlcMS duct trs«blo in Its develop- 
joent. The Inl'^t duct Is jlividtul into two rec 
ducts aft of the circvilar nos© inlet, ^he ducts extw.vi 
alon^m the ?.id© of tho fusela^?© to a Y Inlet aswe*^bly 
at the face of tho engine* tlj© ducts ar© flft*-.©** feet 
and con* id crab is l«a’ce-*'*s occ-.ire*5 in 'nm ewrly 
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rodols. Losses in th« wex*a r^ducttd by m«« 

or soslin- ;-ur .<1 »iid » tSccr«fc.## in fftstener mpmcin-r^ 
tO el«tir Uaia px’aasuritad oj*ti»jn of tiic fuisjalakre the 
ducts extmid down along the side s jd tnen rise upiM^rd. 

J.O elistlnats leases due to duct bends, the en»^ne sg 
tlp'jed damo four deey»#«s to p-^rtrlfc a atrsl^ht co^inec- 
tion with silo sir iruet ducts. This I'O'iijuires a at»iii.r 
four degree bend aft of tlie online at tfw toil cone 
splice* Al^xillary sir Inlota rieer the co’^rossor inlet 
ior low &^uit9C. flight were oon#l£:-.re<i, but tlm castle xltj 
oufcwei :hed tho tLtrust savlzja: ehlch would h<»va aso»intod 
to four per cent rain In static thrust* reseat devel 
i»«nt of an ved -odel of ths -~3i. envisages a flush 

type aii» iiilei instead of the starnetiori point inlet 
nxe P-36, present holder of tne so rid » a air a-e©d 
record, differs froe the ^«3'i in that iho sir erstrwnce 
duct is not divided but passes directly rearward to the 
coiapreaeor inlet, -^‘he cockpit floor is located above tl^ 
air duct. Tlie nose air inlet feat*irss an ejctsnded 
upper lip to faraiah adequate air to tae sn^ixm at hi*^b 
afifjas of fitt cie, Tne iateat vcrslo/i of “-36, Uie 
•ill re«.ture flush type sir InlotR. 

Th© Ar- 9 i, a now high ai>oad, hic^ altitvde Inter- 
ceptor luted to be c&^^ablo of sup-- s-onic »iie«d, has a 
divided nU- Inlet .‘uct with a fvur to five fa,,t eiJisr 
rr*oji»ctlnf out of it. It is net ai*own if this stlnr ia 
to fuioctlo-i as an swatitech tjv alffuawr 7 ) or i»ot. 
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Th* raatiir-*!! vi 

/ 

Xar ty;>o nose uir Irjlet* The etr duct iftftda 

directly to th<> face of t.!Wi cor^ipre of th« 

.lo’see J-3V asttul flo* turbojet, 

of f lighter desl-rne o*»pIo/in^ wlfie,-ru»«lece 
j juictlo-*! 4ir inlets to o'-x^inea tiistall«d In tJ» fuae- 
Xeire »ro the Tii&nce-Voujht and the ^7" » t’lo '7*<dawen 

tJi# ‘*erionn«ll \f-33, end the foXiowln.? *lritieh 
deslf;n8» Ui© Hewjcer >• 7/^6 asid Gloster r, ftoih 

flow and centrlfu^^al n,o*» typo en^inoa ere r®pr«- 
sentod In those eirplsnea. 

The XF67 hsa *«wi -circular shaped air inleta, t>i« 
so^wl-circles projecfcliv^ below the ain*;, ^o lnfor*etl»n 
seeor. to be avallablo on this conri%;urstioen idiich ia 
i«ii^ue, but tJ'MS change in the orientation of the duct 
entranee on the F'7t» would Indlscte that the first instal- 
lation wa* not entirely setiaf ectory^ ''.cni -circular 
shaped ecitrence ducts ai'e alro uted oft the F7«,', but the 
ae-ai-sircle now a.a a scoop extofySinj out of the 

f’iaole';©. To i^iprov’e the velocity cllstributicm across 
the f*ce of the air inlet, a boundary la/er suction alot 
is provided adjacent to the fitselarre, Xnfora* tion about 
the ^ct problOiVs with these aircraft is net uvallsble, 
but v-at^ infer oition on the design 'jr'lnclplea can be 
'leaned ''‘ef. ^2 which waa written bi a •©’aber of 

the •barice Vou«fet •c-'jlnoerigkf: staff, in t/»is refwreoce 
t>te soti-.or j'ecop^a^nds a walocitj ratio of 0,? at the 
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■BXto'JKi nifiit • r3..'» velocity 

the caapreisDr inl<^t of ebout C T- icmr hei'jr** e 

<^ood dnet »ix feet witfi a j^eatlo cvrVBt-ss*© oi' *lve 

to ten doyreea f.ivo§ about « one p«x’ cent total .^eoaura 
loss, e^’uiYuldnt to « !•? - ■2’,0 pvr cent loa« in ti^ruat. 
An S-ahaped d'lct rith fewc ,->' 0 !itla banda Uevln,? a total 
curvfKt’ira of sixty degrees ijivs'S a Uix‘e« to four per 
cont total prassure loss corraspondln*.’’ to a five to 
per cent loss in thr*-ist* Ilia air entrance duct e mfif'**- 
ration of the /?i? end t^>a lloster are very 

lor, a#rd-circular In an&pa with » boundiiry liiyar bleed 
next to tiia fnselay.a, IntamBl ly Bjmcf dlffrrcnca »ust 
exist slnco tb» ^7*^ has two an<^ine« wsile the 

1/^44 haa a ain.Jo fiolla-rtoyca ’’Irene". 

The '?<)/, the X'*33 and the l^awknr 7/?j.6 lisva 
tritturnier’ anapad air antra=Kia ducts wit?i the base of 
U\a trla'vtla adjacent to tlie fusaiaa.e. boun- 

dary layer suction slots era used at tht fuselare !♦ 
not evident fron pi'sturas of tha insxall* tione, 2Jia 
air inl-#t of t3ie '9i* ia -oiwl to tha direction of flow, 
•^ha ail’ inlato of the X^-33 and tiy» JC,7/^|.6 f^vm *n 
a'^^ilertty in plan view. Tha upp«r lip of tha 
also exterids beyond t » lower lip. »o' onitall laust hnve 
solved the nroblaw >f lateral flew acroa# tne fane of 
tha d»>ct ^ici» ce'«aad velocity distrubatl'^n probla-a an 
a aijeilwr cooTlii^s*# tion in t>ia A*^t-1. tiie 7fi«,l ot 
wni<;ii a£.s a rototfl^ tha >rie«b+’atlon of 
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Jftc® of tU® Uutct ®ntru?ic® i».» cf te. *«d to bv to 

air flow tUr«cfclonv "’?i rocfiT®s Vyur ouxlll^ry 

blow-r door» oynin^ >lroctl» Into 'ih& r.heeb«r 

fox* low *p®«d -■'p'o'usiiJ operation of tri® ®nrfrin®* lb® 
dactinf of tho unioue in th«t two air 

intakas In th« si»s root. It also has two exhaust oat- 
Iftts in the wirvt traillnf? at ti:ia fofsela^’e. ^ 

alQf:l® enri^in® i» located In the j(aidt«r 

air inlet design «ust hav« proven satisfactorj boesxis® 
It Is retained on fa new Ilasitcr f^.l05>2. 

9 

tlfjrxtars hevST^acoop type air «intr%nm ducts to 
en"l?»e installations la th& rtrsala^T® are the loc^cheed 
F-K), Vf-SOl acid the J.oi'fchrop XF-39, aJid f » 

’^bcers-^miBtrone^ "Attaoaar’’. Vh© air Inlet ducts of 
ti\9 ^-30 i:nd 7y-10*’ sre jostrll shaped on either side 
of tfy» fusel ahead of tne •liv>> rvofc. <of# 23 c,ives 
an esnleris tlo^ of tixe choice of enfrisiice duct location 
and reveals acne of the proble'uc enco wintered alth this 
desicn. It was found that »an« table duct floe re»iil> «d 
at low flow ratios due to flow breakdxoen and bounderj 
layer separation. The flow separation <^ave a loud duct 
^r'ljwbio'* w'lich could be heifrd for w.ilea. Directional 
'^snekin*/ of the slrcreft could also ke traced to t’xle 
sourc''. ^ound operatlo*Ti flo* r*v* reel oc^'urred 

in tns ducts, fio» cowing in *.h» duct on side end 
out the «»wct on the opoosito tide. ntraduction of a 
bouiedarj Isi'er deed *t the •S.ict 5'-«j?eoces cured tr-e 
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cliff icislvi^s ftt « CO«t of t»0 to fU' 9 iti rill»s 
In «ir»s>««d* fin&l r««»jlt ••-• « n^t rwm ait -SirA 

«p«ed equal to seventy ptit cent of -ii» ftvall»*‘bl0 edia'> 
batlc co*’^re«ilon ratio, ‘ prins loaded doore bcMiid tr^ 
pilot aup-^ly air to the coapreasor at l<sa apaada a?«J 
for £^round operation, 

Th« w«a originally r*«-ort»d to have m flush 

type air inlet duct,, but r»i«turea ahc*» dncta si;ellar 
to t‘ioae employed on the T-iO, 7l%» ^- 90 , '^awever, iiaa 
two ajcl&X flow turbojets in tne fuaelxe whereea tiie 
r«!^ hud one centrlfuyaX flow ©n-'^^lnc, *::i* 

two Oj.vi;Inee ai^m^ »ewi--extex*nelly frcwi «h© iow'^r part 
of tils f'leelfeoe, .'e«il-circ'flar air inlet ducts !«• t 
directly to the two «T»35> enalnes. It w&u3d » eew that 
ft tinlfom flow at the compressor acitrance would be dlffi 
cult wit^i this des.1^. The ”Attftc'<er’’ hftft ftir inlet 
duct.ft in the «hep« of circular arcs, leaa than seml- 
circlo.n. fhe inlets project frew the fusel«£e forward 
of the wlnf, -Zoundary layer slots are located adjacent 
to the fsaela^e at tl» duct entrsnesa. The flow t^rou«*e 
the boiindcry layer slots eathausts uhr»JUJ?Ji louvred open- 
Ins’S in tfie fuaelare sieln aft of toe 5uct entrimce. 

The lasin sir ducts follow aft on bot^^ aides of tlie Aifte- 
Xa^e and dvsmp into a plwmaa CiiJterber ri in« forward face 
of the eniflao. An auxiliary sir Intaiw on vop of *,«§ 
fusela *» -'rovidet ftir to ti«- ers?fine for ojNrwti *n 
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Thro# rifThter <3«sl:a» H«-vo tnstoll.-- 



felons in tho vinf^s ar* tlie '*c' oai*»ll .'^*-1, ^‘2.’1«X 

tjid feh# Cu2*U«» .*'•'57. "ho -erorin^ll -socels a<2*» 
in «r>;?o6rsffics with wiitlXsr or^Sno ii»ai'S 5 lotions 4t»id #lr* 
iniofe ducts* 7h« -\*-l Is sQuipped w-tfch two «stiivth:>ass 
19^i' cxlsX riow Jot oTiJflrwjKj tho is sr^uippwd with 

two cij^jinss* otif^inss sr© l.>cs»s«€>'i iu tuts win^ 

roots fend s trliin-mlfer shspod sir inlot is uood. It Is 
claiwod hhzit this c nfi^uratii^a ^lvw» ciiBtant '/olocity 
distril>.Uoa eci*oss tlto inlet foco, md tr»^» ran presstira 
rocovory Is 99 coot of t.hsit fcv&ilfchls* Tii# oosicn 
Is said to ba freo fr^w intorrml flow nispsr ail on st «ny 
velocity ratio to b« expectwd in nomsl operation, ’'•us 
to the feet t)i»t the uppei' Rsid lower 

'^•owwrplsnt section sot ss two thin airfoils, the cx*iti- 
esl ^’sch nunbar of th# wiiii^ root is hi«'’’.h®r t-hst of 

the outsr wing ^anel. To eool the •'‘owerplant section 
and bleed off tha boiird sry layer adjacent to Uie fuselage, 
s boundary leyex* suction, slot is ni’ovided at tbs feir 
inlet, ihs feir froia tho •uction slot flows fehrouiqh 
sensssory cospartsient end Wi*»ncs into the sir streast. 
h i»«v«rse flow t^irciiisrh ti^s bo*md«. 2 ^ leywr sustioo slot 
occTurs in ground operatiori, but no t&v^rtm effects are 
noticed with this flow rsvex’sal, 

The f*— la cowered by four J-3V an tines, The 
sTV",lnes ere injct&ll*d in necellas i»-'^ the win^s, two 

to »*cu naceJle, ’-*ts e-nwlns nacelles ere about 
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ton iost lon^^ so ^ 'Uit •■t.iAt, .> co»-» 

s&riXj bm s vort, A ala/jlo »'»c l^Aiv-jixk.r #ix* lal<»t 

pjt*ovXdss ftlj* t-o fcJfe9 t#o Qcu*ln»c In ^acn iaj^co.Ilo, t*w 
rXo%’ dividin'; Juat f-Tt of t.ta ♦ntrr.nea. The air IntJdre 
ducts fjaotocted to pno’peofc iciniC os' wafe^i* ©nter'inf^ 
daring heE^vjr rain, ^he eatanfc or nAtiire of thi« protec- 
tion 9u» not made knomn, 

^he boBiber types all have installed 

in the slrjes, or sttacaed to air Inlete, 

therefare, are of bias sts^atlon >oint type* w«presen- 
tstive instsilfi tiona are those on bits Coriaolidated 
A/Wlj.6, oeinf fcartin arrJ the Horthrop T^^k9. 

• Jje lias four en^inee ctsitaiAed in two engine 

lieeelles sluuc- b«iow the win‘% i>ao elliptical cir inlet 
provides floe to both •n"^liiea in the seiao needle* The 
air inlet <>uct is divltied just eft of the critrtnee* 
fbo Xf-I;/* holds t^is tr*«jscoritin«riiel flight record, 
croeslnfl uhe :.a* in 3 hours me .^6 ninutes and avere^i;-. 
Inf; 607.2 miles p«x* hour* It has aljt enyinea supported 
by pylons extending dowi from tlia wXnr„ two engines 
aounted oci each of the inboard fi»yl .^ns end one ertnine 
on sach of t^e -sutboard pyionp, ^Ir Inlet ducts 

ere annular, imo for o-.ch «nf?ine* oa the Inbo&rd pylons 
wh^r« the arifrln^a ere loeste«i sdj-csnt to esch other, 
the eeejaent# of the outer cones c<m‘^on to both en^lmp 
exte«#d furt,irr for^^rd tiien t?3e -binder of lie iiilet 
ri» to pr*,vent Interaction of tlm iudlvidual flows to 
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o«ca ~Tim -’j* ftlse 

»*ch #ln« in a co'**oa n»c«ila* 'ii« air en?.rsnce doct& 
to e»cU ©n«in* era a^^n.tlsr in for?*^ ^nd tnnnal# 
the necella era providad batwaar^ adjacent ©ratlnee to 
keep the critical i.ech nuipbor over t>^c win|i;s a a kl ^ &e 
poseible, YT5-49 ha« four air»lnea lochteuX aide by 

aide la each •iag* The «ir inlet to the engines la lo- 
cated in the elng leading edge* The air inlet ia wide 
and nari^w with internal partitions to divide the riow 
to eaca eniclne. 

The wartin 1« an example of a hybrid inatalla- 

ti ?n*. Ita <aaln laotlve power is ti^s recipi*ocatinj en/r,lnoa 
•itli fm jet Tor additional power when needed, 

wii© reciproc*’ t 4 .m^ ehglj'ia arid <ave Jet en'^ine ore •o«mte<J 
In a co^.on nacelle projecting below Wx« wint;. -.hen tija 
jet enijin® ia In operation elr la provided Vnvjugh. a 
scoop which opens forward end down from the necella. 
ehen Uie fet ••x^ina la not operating tlie scoop retracts 
end its lK>ttoi provides the lower forward face of the 
nacelle, fince the top arwrad of ti\© la not very 

raja recovspj la not a serloua problen and car‘*^ful 
duo*, design la not critical. 

The experimental planes dawigned fco Investiir&te 
flight at or ne?r the aonio velocity »rw net uiai»ce tk« 
latest riffhter desi;:ra». The 'ouglas dasif^ned 

foj- stibso/iic velocitlee features a circular no*e 

inlet with thw dUotlja/5 dividing jiist eft of tfia iulet* 
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Tii« ST>lit doict ro,tcin» ju»t rcrwaj*d of »T«33 

’:h» dactin? md air inl«t are »i«liar to t>ic 
Iivstallaticii <sri t/h« f «*54* 

Th« '-ourlas D5>'3-II, « co»bin&t,lorx rocket arid tiirfco- 
jat ;o«©red airpler^, is for a^'peraoriic »y©T‘««. 

It fe&t', 3 P®« two flush air Inlets on either s5.de of the 
loiaer, forward fuselage* fe* details on Uiee® air in- 
lets liiro -vallnbie, K^;CA was responsible for the do8i«i, 
fictures »!iow nothing projoctln,-, bejond the contour of 
the fusel ace • 

The ::oiisolidst«d 7^02 research oowcrec* by a 

J-33 ensgine, has « circular air inlet in the m»« of tl» 
fuaeiace, A stln^i projects forward out of the center 
of the 4 ir inlet. It Is rerjortad that this stin» Is m 
Oswetitsch type diffuser <def, 7). Au*th«r details on 
the elr iiilet ductln-^ are not avsilable. 

The Ikorthrop X«4|., dcsis^iwd to investigate tJi« 
transonic speed r&n«;e, *ach n*4Fibcrs - 1#2» Is ^>owered 
by two ©stlnghouse 19^fl engines installed at the wim;- 
fusela^ Junction, aeoop type air Inlet ducts suoply 
the ©fiplno air. The shape of the duct entrances i» not 
tmlike that of Ui© P"-30* 

Tho Arsis tronjs-idiit^rth 52, a ’ritlsh deslrjn to 
test the potentialities of ihe is jo«sared 

by two ilolls-Moyce ’’^ono'^ loc»t®d in se/^arate 

naeeliea pz^Jectlri^ l>elow tiw wUtr, * *1^ inlet duct 
entreoce to e».dri is elUpticsl with JVi ov- rh42n?rln.f upper 
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lip* A novel feeture of fir diicfcio^ i» t’lf, 

«ujciliary »o,ur*ce of ®ir «t low »pe«ds* A boiiiviary lj=qr*r 
eiictlon slot on the win^ n&mr tit» tip et tli« fifty >«r 
cont c!:2ord point sxsr>*.'li#ya air directly to tbo pXon«iH 
chasaber at low sr>«od T}>i» aorvcs « ptin^osa# 

In addition to supplying additional air to the 
it deleya tip atall* Xt would «eo:n that anch a 

ayatasa would have ^reat possibility, 

Tliia rtisxxsm of tho tyr'oa and lx • tlons of an/rino 
air inlet ducts on some r«pr® sen tail vo "jodarxi airpleiias 
ravealt the variations in deniipi which hava been euccaas* 
ful In the past. The trend in expei'lseu tal aircraft 
is Just aa varied* results of fXl^shts with Uvo 

axperiiEsental aircraft may shtjw that otiw> type of instal- 
lation Is superior to toother, b^it wore than likely it 
will only show th&t the final d ©ai£yi j*ust ctlll bo a 
c*»pras5l«o. 
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In this report an e^ttcr'pt has bs«n to invosti- 

gats snaXyticilliT porforr-a^es of & dLfTnmP for \i»s 
in s t\irbo«jst at trsnsonic 

fKctora s»ilch dstraet fron dlTfussr parfomaneo Imvs 
bson explored, and means to *5lni»iae t ieae losses hsvs 
disc^issed# Convenient nethods of dstarfsinine the 
?fts.(jnl tilde of these losses snsljtically have been sue- 
ffeatwd, but final coi-roboratlon of these methods will 
depend U 2 »on futvjro experlsaental verification. 

It mis found tliat tho inrornsl diffuser flow wes 
not effected erectly by the presence of a otiock esve 
fiheRd of tho diffuser entrsnee. With such e sltuat-lon, 
tlm Internal flow in the d if fueer ir«« net 'soterially 
different fre* tlifit res^ltin^ at subsonic flx^ht 
speeds. The losses encountered **cro»3 such a ar.ock weve 
’Rsre n<yt found to penelise tiio diffuser porfomunce 
•greatly at flight »:ach mf.bere below 1.5. Of course, 

Ui 3 validity of tlioce flndirKS» tne advisability 

of allowin'^ o <5 etfcched shoc4r to f or« ahead of t!ae dlflvi- 
»©r enti'ance are open to question. 

It Is believed that the key to Uio edvissbilit; of 
^l,tiUslr^i' ft s’-ock ftheed of tim diffuser •''^tr«-4Ce to 
ftssist In r*e^ -apeswure rscoverys 
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th0 Influence of t?ila o*\ rii^ • 

It 1« filso b»li«vod ^1**** '?f t:.» ♦111 

ba affactad b/ v«iocit/ r«tlo oT th© airflo© 

ing th« diffusar. ?Ji« llss.lt* of \&locity r®tlo, p«rti- 

culfiriy tJke liait, found suitable for subaatitc 

« 

fli*’ht will not necessarily be •sti» factory for super* 
sonic 'jrperl*emt*l Invest! «;*tlon of this problem 

is s'orrented* It e>-ybe fourr thet toe lower liaait of 
ftllovobl© velocity ratio 1* relaed so hie)fi bhmt it e.s»»- 
plicates tne intornal flow of diffuser. 

O^tier p3wbl«as uchleh sre a sao elated w 1th tko do— 
taelied «‘«ocK wave, s-nd which should be Investigated 
ex»arisiont«l ly are the location of th® shock wave abend 
of the diffusar entrance, and sis tone© of turbu- 

lence induced in the flow b- the s>iock wave. The loca- 
tion of tne soocJt wave is of Internet nrlAsrily in that 
it Mi-jht explain tlie ll<alts of p*r*lasible velocity 
ratios, •tid ^*irht b® a noesare of Ui© a!»ock iivboced 
turbulence e'lterln^ t»jo difi.user. fhe persistence of 
the s-iock induced tnrbiilence is Interest because it 
will h*v© fcreat influence on t!je iuternsl diffuser flow 
if it ysralsts beyond tlie throat of the dirfussr. This 
shock Induced turbulence if it is traiisfii tted to the 
botjodary layer in the region of •»osttivw pressure gradi- 
ent idli the rate of pressure recovery, or aey 

cense Inttrtml flo» separation. 



Two dlr^ti»lona3. co <v;.'t 

of ciirfiiaer a#ct.lon •!•* ’^oL eik- lalnad cI#^J.*l; lit 
feoy of tfMi llterfittiire » it’i fiow In fe 

«ithoi*gh hints are i;lvdo la 3 wud 21 lehao It i* 

»-.it|rsstcd that «x’-ra of ctjnatant are* <5*^ctlry{ 

following Uis div«T»j|lnffr aoctto^ sra neceasarsr for e»’* 
pl«t» orewiKir'a r*cov*r 7 . It woald b« Intarsatln^ to 
inveatlijfttc e-<»>«rjL*»«nt*lly t% velocity profiXs across 
tho fi..c« of tb» dlffussr <*t verlo’ua velocity ratios, 
for both subsonic sad aupsrsanic flows. *^he velocity 
orofiie at the diffuser ojtit ^ould be of evsa irrester 
interest, particulerly its verisXon with diffuser l*U2U-4 
ftod divcrfr^nco end the ofl'est of suctlo^i 4 ots 

and induced rotstioa on the vclocitr F^’oflle* 'I'his 
letter effect, induced fl^'w rotetion, is not ->©nfeionrd 
in er»y of the iltoreturs on Aiffuerr flee oncmintered to 
date. T2io advantikgeo of e flow with rotetiori ere set 
forth In Kef. 3* rotetin^ flow in a diffuser, 

ae;>er&tioa Is dolcyed end •■ore casr#>i*te pressure recovery 
ia obfeelned in the difraeer proper, "inee tfie diff'^eer 
exhausts ba the coopres^or, a 2 *ot».tin;t chine, it is 
reea-neble to believe thet rotation of flow in the 
diffuser will be induced b, the coepresser rotation, 

Tho strength of »Jae rotation and tise r»»’ion of flow 
affected rsuld •« aaefal deslcj Infor^a* fci-s: . 

r’lfitlXy, Lee devclo?w^t of U^e tonndjtr/ layer in 
e iifftjeer is eortKy of IrxveaticetleA, of 



aoo 



iraaljsia 3U'./,o«ted In IT: to not «U'lctly a pliunblo 

to tXow in & «luct-, «n<5 it also entails consid-orable 
corapntatlori# All fljrpePiatonial invoa tijjstloa involvliw 
v«i*lstlon of rates qP praas'ara recovery and dlTAiser 
len^^tha, with n©co»sary corrections for Vi^.riafclon of 
fch« «i^oM » nijmbar, eowia spe^d the problesa of dlfruasr 
analysis and fill a |<;ap in the atndy of diffoscr per- 
for-ranc«. Past inveetin«txons of porwiasiblo dimmer 
divergence have na;3;l«ct»c! tho affect of diffuser 

l<jn>ith, rtid licve bcoii conducted at arox ratios ^nich 
hl.;h«r than those necessary for « turbo-*j«t air 

inl«t duct* 

It is not fait timt Uiesa sug.-^cstlona foi' 
investigation exhaust the posalbiltties for diffuser 
racaarch. it i« foalicved that they laciudo t?je ora 
l»»d.Utsiy iwpoi-tant items, those topics n»-Tlect©«5 in 
the past which nn'j Influsnce diffuser pcrfoi^snc© at 
transonic speeds. Other subjects, o< 5 ual ly interesting:, 
will probi.bly be eu^^ested by dl«e,?s^ o:a« in the body 
of thi# report. Indoubtcdly, ideas on diffuser ^r«rror* 
rnsne© fiuid analysis different Trow; tJiose included in 
this report will arise, errors in raas ininj? may be 

found, but if this r«pox'*t stlr-ul# tee thoif^”ht on diffuser 
then It hss fulfiUed its 



L.^.IZDIX 1 

» - apec^ of floTjnd. 

A - croa»-s»cti£jnal iU‘s.a* 

Cp - sp9ci?*ic at conatasit ins^tmsixve , 

Cy - 8p«folfic Ueat at constant voluma« 

H - *ach njij«b«n, V/«* 

ii - axponant for a poly tropic process, pv*' * 

constant# 

p - static preseirre# 
p® - total pressure 
q - <Jyaae»lc ^fV^# 

i? •>• ^es constant, 15>i{5>Aiol«cuIar sci^jht. 
dC - c}ia/ige in entropy. 

** - static t®sp©rat*ire# 

7® - total ts'^per* itJtre. 

V -* v<l'>city. 

Y - ratio of specific heeta. 

•lo- diffnser sfricloncy# 

I - compressibility factor# 
f*' - ©oeff'icient of viscoeity# 

V - kinematic viscosity, f^/p. 
f - density. 

*h©re s^i7»bola other than the above art ns*tt in '~ht 
teat, they are defined where usod# 
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IT 

OF TlJ<C T'MM, •''i lAX',:n 

*?o « 1,5 ii * li- 0,000 rt. = .1575 
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